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I. INTRODUCTION 
Among the most remarkable of plant fossils are the silicified grass 
anthoecia, and endocarps, nutlets, and achenes of other angiosperms 
that have been reported from the late Tertiary rock strata of the High 
Plains of central North America (Engelmann, 1876; Cockerell, 1909, 1914; 
Barbour, 1925; Berry, 1929 ; Elias, 1931, 1932, 1935, 1942; Gregory, 
1942; Frye, Leonard, and Swineford, 1956; Leonard, 1958; Segal, 1965, 
1966a, b, c; Skinner et al., 1968; Voorhies, 1974; Galbreath, 1974; Hager, 
1974; Thomasson, 1976). Genera previously described include Berriochloa, 
Nassella. Paleoriocoma, Panicum, Setaria. and Stipidium of the Gramineae; 
Biorbia, Cryptantha, and Prolithospermum of the Boraginaceae; Achaenites 
of the Compositae; and Celtis of the Ulmaceae. Unlike other North Amer­
ica Tertiary fossils representing these groups, which are generally com­
pressions or impressions and provide limited information, fossils from 
the High Plains are three dimensional silicifications, often having the 
smallest epidermal features exquisitely preserved. Coming from a strat­
ified and nearly complete sequence of fluvial deposits of a widespread 
areal and temporal nature stretching from North Dakota to southern Texas 
and New Mexico, the fossils offer a unique opportunity to study the 
evolution of the represented taxa. 
One of the chief obstacles to the understanding of the phylogenetic 
significance of the fossils is the scarcity of previous studies of a 
detailed and comprehensive nature. Only that of Elias (1942) is reason­
ably complete both botanically and geologically, but its true importance 
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rests in its nature as a pioneering work. No attempts have been made 
to utilize microscopic features, such as those proposed by Prat (1932, 
1936, 1960) and Clark and Gould (1975) for modem grasses and by 
Schuyler (1971) for certain sedges, to aid in elaborating a more accu­
rate phylogeny of the fossils from the High Plains. 
The evolution of the Gramineae has long fascinated botanists, and 
there is a rather large and ever-increasing literature on the subject. 
However, the many conclusions which have been drawn suffer from one 
serious deficiency, that all the evidence has ctsne from a single time 
plane—the present. Thus authors variously utilize such features as 
morphology and anatomy (Klastersky, 1955; Phipps, 1967; Cronquist, 
1968), cytology (Johnson, 1972; Stebbins, 1972, 1975), distribution 
1958a, 1958b, 1960, 1961; Beetle, 1961), or a combination of these 
(Soderstrom and Calderon, 1974) in elucidating the evolution of specific 
groups within the Gramineae. without doubt, these studies are impor­
tant and contribute greatly to our knowledge of the present status of 
these characters or conditions. However, in the final analysis any 
extrapolation of these data into the past is a speculation, no matter 
how much data are accumulated. It is fortunate, then, that among the 
most abundant of fossils from the High Plains are those of various 
representatives of the Gramineae. Among the classics of paleobotany is 
the pioneering effort by Elias (1942) to compare these High Plains fos­
sils and their modem counterparts in an evolutionary scheme. Although 
his study provided important answers to many questions relating to the 
evolution of certain Gramineae, many questions remain: Do the present 
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day grasses truly resemble their ancestors, and if so, in what ways? How 
long have morphological characters been associated with certain evolu­
tionary lines and how do they relate to modem systems of classification? 
Are evolutionary relationships postulated on distribution and morphology 
supported by the fossils? Indeed the questions could go on and on. This 
study attempts to answer as many such questions as the evidence allows. 
Much of stratigraphie work in the Ogallala Formation has been depend­
ent on studies of the areal and temporal distribution of "seeds" recovered 
from stratigraphie sections in the High Plains. As a result a rather 
detailed succession of floral zones have been established (Ellas, 1942) 
and these biostratigraphie zones have been more or less firmly accorded 
equivalence with lithologie units in which the fossils are found (Frye 
and Leonard, 1959). Recently this practice has come into question (Webb, 
1969, Zehr, 1974) and a reconsideration of this problem in the light of 
newly found evidence indicates that the past reliance on widely-spaced 
stratigraphie sections has greatly oversimplified an extremely complex 
situation. 
The origin of the present grasslands of central North America is 
little understood. Ellas (1942) has indicated the presence of wide­
spread treeless grasslands as early as the Miocene, while MacGlnitle 
(1962) has postulated that such grasslands are probably a result of 
Pleistocene influences. Gregory (1971) has presented convincing evi­
dence for the Pliocene origin of such grasslands. By studying the fos­
sil "seed" forms and combining this with fossil vertebrate evidences, it 
should be possible to shed new light on this problem. 
4 
II. MATERIALS AND METHODS 
A. Herbarium Studies 
Herbarium operations consisted of examinations of both fossils 
and living specimens. I wish to extend my thanks to the many curators 
who so kindly loaned specimens and types. Herbaria and museums from 
which these specimens were secured are listed below, using the standard 
abbreviations of Lanjouw and Stafleu (1964) for herbaria and common usage 
for museums. 
FHSM - Sternberg Memorial Museum, Hays, Kansas 
GH - Gray Herbarium of Harvard University, Cambridge, Massachusetts 
ISC - Iowa State University, Ames, Iowa 
KANU - IMiversity of Kansas, Lawrence, Kansas 
KUMNH - University of Kansas Museum of Natural History, Lawrence, 
Kansas 
MEXU - Herbario Nacional, Instituto Biologica, Mexico, D.F. Mexico 
NO - Missouri Botanical Garden, St. Louis, Missouri 
NY - New York Botanical Garden, Bronx, New York 
TAES - Tracy Herbarium, College Station, Texas 
TEX - University of Texas, Austin, Texas 
UNSM - University of Nebraska State Museum, Lincoln, Nebraska 
US - U.S. National Herbarium, Washington, D.C. 
USNM - United States National Museum, Washington, D.C. 
In addition, numerous specimens were sent as gifts to ISC from MVFA 
5 
(Laboratorio Botanica, Facultad Agoncmica, Montevideo, Uruguay) and SI 
(Instituto Botanica Darwinion, San Isidro, Argentina). 
B. Field Studies 
Field collections were made during 1972, 1973, 1974, and 1975 at 47 
sites in Kansas, Nebraska, and Colorado. Methodology at the sites con­
sisted of diligent searching of outcrops to remove fossils directly or 
to remove samples of fossil bearing matrix. Beds were mapped in order 
to provide strict stratigraphie control of samples collected. Samples 
collected were numbered and dated as shown below: 
9 Site 9 
M2 (j) Middle of bed 2, Locality 7 at site 9 
A Cluster or lentil of seeds A 
11 July 74 Date 
Sites were sampled during repeated visits over several years. Fossils 
were not collected for study purposes unless they could be recovered in 
situ. 
During the course of this study an effort was made to deteraine 
methods that would allow the rapid and exact marking of localities at 
which fossils specimens were recovered. This is important not only for 
historical reasons but also to maintain strict stratigraphie control of 
collected fossils. Initially 35 mm photos of each site were taken and 
detailed notes and drawings of each site were kept. Only after return­
ing from the field, however, could prints be obtained and the data from 
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notes correlated with them. This was both time consuming and tedious. 
Polaroid Type 105 positive-negative film is ideal because it provided 
both a positive for field use and negative for lab use. 
Detailed locations of sites have not been given except where abso­
lutely necessary. All such information will be permanently stored with 
the type collections at the Sternberg Memorial Museum, Hays, Kansas. It 
may be obtained by contacting the curator there. 
C. Laboratory Methods 
The fossils were removed from their enclosing matrix by handpicking 
with needles under a binocular microscope (degaging, see Banks, 1970) or 
by dissolving the cement binding the matrix, or by a combination of 
both methods. Degaging was the principal method used when the matrix 
was consolidated but uncemented. With careful degaging, it is possible 
to preserve even the finest of fossilized features such as hairs. If 
the fossils were contained within a matrix that was unconsolidated and 
uncemented it was sometimes possible to free them by submersion in 
water. Being hollow, the fossils float whereas the matrix of sand, 
silt, etc, settles to the bottom. The fossils can then either be 
skimmed or decanted and air or oven dried. 
When the matrix containing the fossils is cemented by calcium car­
bonate or opal, it is necessary to employ chemical methods to separate 
fossils and matrix. Fossils cemented by calcium carbonate were relatively 
easy to free using a solution of hydrochloric acid. Solutions of 30-50% 
were generally employed, although solutions from 5-100% were used with 
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success. Fossils are usually composed of opal (Firye, Leonard, and Swine-
ford, 1956), so they are not affected by the acid. The disaggregated 
matrix and fossils are washed in running tap water for at least 5 min­
utes and then air or oven dried. Fossils are handpicked from the dried 
mixture. Opal or chalcedonic or microcrystalline quartz (i.e. chert) 
cemented matrix presented a special problem since no previous attempts 
had been made in the literature to utilize fossil "seeds" thus pre­
served. Experiments with heated, saturated KOH solutions were, in some 
cases, quite successful, although KOH is very corrosive and the process 
must be closely monitored. After treatment, fossils were washed several 
times in tap water. Insufficient wash time results in the precipitation 
of KOH crystals on the surface of the fossils upon drying. Several 
regimes were attempted and the results are presented in Table 1. 
Table 1. Treatments of fossil bearing matrix and their effects on 
fossils 
Site Taxon of 
fossil 
Temperature of 
solution 
Length of 
treatment 
Results 
4 
22 
22 
8 
28 
Stipidium 
Stipidium 
Stipidium 
Stipidium 
Nassella 
Stipidium 
113°C 
155°C 
113°C 
113°C 
160°C 
130°C 
18 min. Satisfactory, but 
loss of some sur­
face detail 
2 min. Unsatisfactory 
6 min. Unsatisfactory 
3 min. Excellent 
30 sec. Unsatisfactory 
30 sec. Satisfactory, but 
loss of some sur­
face detail 
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Generally, any methods which require acids, with or without agita­
tion, destroy delicate features such as hairs and consideration of this 
fact when choosing a fossil recovery method is essential. Methods which 
require screen washing were only infrequently used, and only when the 
fossils involved had previously been shown to withstand such treatment. 
Many fossils were readily destroyed when screen washed and if these 
methods had been employed in the field, numerous fossils would have been 
missed. Ironically, such methods have been advocated for collecting 
microinvertebrates (Hibbard, 1949), and this may help to explain the ab­
sence of "seed" reports in vertebrate studies in the High Plains Tertiary. 
D. Scanning Electron Microscopy 
Fossils used for the scanning electron microscopy were selected 
under a binocular microscope. It was not always possible to select 
specimens in this manner which show epidermal features under SEH. How­
ever, a reasonable judgment based on the gross surface appearance, ad­
mittedly gained only with experience, often proved successful. Examples 
selected were mounted on double stick nonmetallic tape which had been 
previously attached to brass specimen plates. Silver cement was then 
applied around the contact of tape and plates and touched to the speci­
men at at least two points to assure good conductivity. Specimens were 
then coated with vacuum evaporated carbon and gold and viewed at an 
accelerating voltage of 15-25kV in a JEOL Stereoscan 35 electron micro­
scope. A photographic record was kept on Polaroid Type 105 positive-
negative film. 
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Attempts to prepare the anthoecia of modem species of grasses for 
examination by the SEM were not entirely successful because of the ex­
tremely thick nature of the lemma cuticle. The most successful method 
was that used for epidermal studies by light microscopy except that the 
final step was air or critical point drying. Species of Lappula. as 
well as some Nassella. Berriochloa, and Stipa, were coated with carbon 
and gold in a vacuum evaporator and examined; no preparations of any 
kind were done. Each specimen stub prepared for SEM has been numbered 
and will be permanently preserved. Stubs In the figures are referred 
to as BP (Brass Plate) series. 
E. Light Microscopy 
Lenmas of modem species of the Stipeae were cleared to survey the 
epidermal features by light microscopy. The method used in preparing 
the anthoecia was modified after that of Shobe and Lerstan, 1967. The 
steps, all done at room temperature are: (1) specimens were placed in 
5% NaOH for 24-28 hours ; (2) the specimens were transferred directly to 
a full-strength solution of chlorine bleach for 1.5 hours; (3) cleared 
lemmas were washed three times (minimum 5 min. each) in distilled water; 
(4) a solution of 100% ethanol was used to dehydrate the specimens. At 
this point they could be stored in 100% ethanol; (5) the specimens were 
stained with chlorazol black E for 30 sec. to 5 min. This step must be 
monitored under a dissecting microscope. Too much time in the stain re­
sults in too dense preparations whereas too little time results in 
poorly or irregularly stained specimens. 
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The results obtained with this modified method were generally quite 
successful, although in certain instances considerable experimentation 
was necessary in order to adjust the steps to varying cuticle thicknesses. 
The anthoecia, nutlets, achenes, and endocarps were measured under 
a Bausch and Lomb dissecting microscope with a micrometer disk graduated 
to 0.1 mm. Characters on the individual taxa are represented in 
F i g s .  1 - 5 .  
Fig. 1. Manner of measurement of anthoecia of Berriochloa (top 
row) and Berriochloa (Stipidium) (bottom row) 
a a: length of anthoecia; b b: length of 
callus; c c: width of awn scar; d d: width 
of anthoecia; e e: depth of anthoecia; f f: 
distance from rear of awn scar to dorsal rib; g g: 
width cf awii scar; h h: width of palea exposed; 
i i: length of anthoecium and callus. Measure­
ments of Nassella are taken as for those of Berriochloa 
1') 
1 
-if 
Cp—iC cfi id ft—if —\Q 
Fig. 2. Measurements of the nutlets of Eliasiana (top row), 
Cryptantha (middle row), and Prolithospermum (bottom 
row) 
a a: depth (height) of nutlet; b b: length 
of nutlet; c- c: width of nutlet; d d: basal 
width of scar of attachment. Measurements of Prolappula 
taken as for those of Cryptantha 

Figs. 3-5. Measurements of the nutlets of Biorbia (top row), 
the achenes of Eleofimbris (middle row) and 
anthoecia of Panicum (bottom row): 
Fig. 3. a a: depth (height) of nutlet; 
b b: length of nutlet; c c: 
width of nutlet; 
Fig. 4. a a; length of achene ; b b; 
width of achene across broadest face; 
c c: width of style base scar; 
d d: width of base; 
Fig. 5. a a: depth of anthoecia; b b: 
width of anthoecia; c c; width of 
palea exposed; d d; length of 
anthoecia 
16 
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III. PALEOAGROSTOLOGY~A HISTORICAL SURVEY 
A. Introduction 
When we survey all that is known concerning agrostology, it is 
difficult to realize that comparatively little was known on this subject 
more than a few generations ago. Paleoagrostology is an even younger 
science, and prior to the studies of Maxim K. Elias in the 1930s and 40s, 
was based on little, if any, factual evidence. The early lack of factual 
knowledge existed because of two main factors. First, the classifica­
tion of extant grasses was hardly adequate when the first description 
of a supposed fossil grass appeared in 1820. It would hardly be ex­
pected that fossil grasses, whose relationships were even more obscure, 
could be placed in any satisfactory classification scheme. Second, and 
possibly most significant , many of the fossils were impressions or com­
pressions, frequently with very little but a general form being preserved. 
Because of these factors, it is not surprising that a considerable liter­
ature developed which, in many instances, has been a source of confu­
sion persisting even into modem times. What follows will be an attempt 
to review in some detail the history of paleoagrostology from 1820 to 
the present, 
B. 1820-1850 
The first account of fossil grasses known to me is that of 
Schlotheim (1820). He described Paleozoic leaves, stems, and inflores­
cences that had been preserved as impressions. For these, he established 
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the form genus Poacites, a genus which has had a significant, if con­
fusing, role in paleoagrostology. Even Schlotheim, comparing his fos­
sils to such extant genera as Poa, Milium, and Phalaris, was not com­
pletely convinced that these were truly grasses. I have seen the plates 
of Schlotheim's Poacites zeaeformis and they cannot be assigned with any 
certainty to the Gramineae. In fact, this species was assigned by 
Potonie (1893) to Equisetites. a form genus designated for fossils bear­
ing a resemblance to recent species of Equisetum. According to Elias 
(1942) the other species described by Schlotheim have been assigned 
elsewhere, although I have been unable to confirm this. However, con­
sidering the Paleozoic age of the fossils, little doubt remains that 
Schlotheim* s Poacites are not true grasses. 
Following Schlotheim, Sternberg published his "Flora der Vorwelt" 
(1820-1838), now considered the taxonomic starting point of paleobotani-
cal (and paieoagrostological) nomenclature. Aside from its significance 
for this reason, it holds special importance in paleoagrostology, since 
it clearly illustrates the uncertainty existing at that time regarding 
the phylogenetic relationships of the Gramineae. Sternberg (1825) de­
scribed under his Class Acotyledones, Order Najadeae, the genus 
Volkmannia with two species. Of this genus he says, "char, essent. 
Culfflus striatus articulatus. Inflorescentia spicaeformis. Genus 
plantarum transition ab Equisetaceis ad Gramineae indicans." Specimens 
illustrated are certainly not grasses, and are undoubtedly some form 
of fossil Equisetaceae. In any case, the early history of fossil grasses 
must be viewed in light of this theory of the relationship of the grasses 
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and horsetails. Sternberg (1823) provided no illustrations of Poacites, 
but described the genus as, "linienformige Blatter mit parallelen Nerven, 
wahrscheinlich monocotyledone Pflanzen." Actually, Sternberg (1823) 
credited Brongniart (1822) with this classification. Two other genera 
established by Sternberg (1825) which have played a minor role in 
paleoagrostology are Baiera and Germaria. An examination of the descrip­
tions and plates of species described under these genera indicates that 
these are certainly not grasses, as proposed by some later authors 
(Unger, 1850). Both Culmites and Baiera were placed by Sternberg in his 
Ordo (presently family) Equisetaceae. Germaria remains were of "incertae 
sedis." 
Adolphe Theodore Brongniart (1822) may be regarded as having first 
validated the genus Poacites in his "Sur La Classification et la Distri­
bution des Végétaux Fossiles en General." He credited Schlotheim with 
the name Poacites, although in reality Schlotheim presented no generic 
description. Brongniart's work was accompanied not only by the generic 
description, "Feuilles lineaires, a nervures parallèles," but also with 
an illustration of a single species, Poacites carinata. It was also in 
this work that he first published a classification of all vegetative 
fossils, a basic outline which follows: 
Classification des végétaux fossiles 
Tableau des Classes des Genres de plantes fossiles 
I. Classe Tiges dont l'organisation interne est 
reccnnoissable 
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II, Classe 2®. Tiges dont l'organisation interne n'est 
plus distincte, mais qui sont caracterisees 
par leur forme exterieure, 
III. Classe 3®. Tiges et feuilles reunies, ou feuilles iso­
lées. 
IV. Classe 4*^. Organes de la fructification 
This classification was entirely artificial, as were the genera proposed 
in it. Poacites was placed by Brongniart in his Classe 3^. He made no 
attempt to define the genus as belonging to the Gramineae. This is 
clearly shown in the following statements: 
Les Poacites, quoique appartenant évidemment a des plantes 
monocotyledons, peuvent provenir de plantes de familles tres-
differentes. Les caractères qu'ils offrent nous ont paru 
jusqu'à présent trop peu tranchés pour que nous puissions 
fixer plus exactement leur position dans le règne vegetal; 
. . . , and nous avons déjà dit que ces végétaux ne pouvo-
ient avoir appartenu qu'à des plantes monocotylédones, mais 
il nous parôit difficile pour le moment de fixer à quel 
genre et même à quelle famille on doit les rapporter. 
He continued to use this generic concept of Poacites in 1825 when he 
described Poacites yuccaefolia, inferring a resemblance to the genus 
Yucca of the family Agavaceae. Even here the tenuous systematic nature 
of the genus Poacites is evident, as there is little if any evidence in 
the illustration and description provided with which one could taxoncmi-
cally defend such an assumption. Culmites, another genus frequently re­
ferred to in paleoagrostological works was established by Brongniart in 
this same work for, "Tiges articulées lisses, impression unique a 
chaque articulation" and placed in his Classe 2^. He illustrated and 
described a single species, Culmites nodosus Stemb. Although he noted 
21 
that these fossils were similar to many Gramlneae, he harbored no illu­
sions about the relationships proposed for this genus (Brongniart, 1822). 
Brongniart even compared this genus to Calamités, noting that, "II 
(Culmite) se rapproche par ses articulations du genre (Calamités); mais 
il s'en distingue part sa tige toujours lisse, ou du moins sans stries 
regulieres et présentant une large impression unilaterale a chaque articu­
lation." Calamités, itself originally proposed as resembling the palm 
genus Calamus, was recognized by Brongniart in this same work (p. 218) 
as related rather to Equisetum, a conclusion held by paleobotanists to 
this day. In any event, Brongniart did not intend Culmites to be a genus 
assignable to the Gramlneae, and an examination of the plates shows the 
wisdom of his views. 
Brongniart later (1828a, 1828b) elaborated his earlier classifica­
tion, placing the genera Poacites and Culmites under a section heading 
entitled "Monocotyledons dont la famille n'est pas detenninee." Of 
Poacites he says, "Parmi les feuilles, nous devons laisser dans ce 
groupe des monocotyledons Indeterminses, la plupart des feuilles 
disignees sous le nom de Poacites"; of Culmites, "Ce sont des articu­
lées tiges, quelquefois rameuses, lisses ou irrégulièrement striees, 
pr^entant tantôt une seule cicatrice d'insertion a chaque noeud, tantôt 
plusieurs cicatrices arrondies, qui proissent produites par l'origine des 
racines adventives . . . , Quant aux familles dont ces tiges peuvent 
provenir, elles sont nombreuses. . . ." The familles he mentioned as 
possibilities were Gramlneae, Cyperaceae, Juncaceae, Orchidaceae and 
Cannaceae. In the same work, Brongniart invalidated the name Poacites 
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for future use by removing from it the single species P. carinata on 
which the genus had been earlier described and placing it in the genus 
Lepidophy1lum, far removed taxonomically, phylogenetically, and geologi­
cally from the monocotyledons. 
John Lindley and William Button (1831-1837) produced the first im­
portant paleobotanical work to appear in the English language. Among the 
genera they mentioned that have played a role in the history of paleo-
agrostology are Culmites, Poacites, and Volkmannia. In volume one (1832) 
they presented a classification "Genera of Fossil Plants," giving the 
diagnostic characters of each of these genera. That portion important 
to this discussion is presented below: 
Monocotyledonous Plants of Doubtful Affinity 
Stems only known. 
Genus 50. Culmites. Stems articulated, with two or 
more scars at the joints. 
Three species--in the Tertiary beds. 
Leaves only known. 
Genus 52. Poacites. All Monocotyledonous leaves, the 
veins of which are parallel, simple, of 
equal thickness and not connected with trans­
verse bars. 
Several species—in the Coal formation. . . . 
Plants, the Affinity of Which is Altogether Uncertain 
Genus 89. Volkmannia. Stem striated, articulated. Leaves 
collected in approximated dense whorls. 
Three species—in the Coal Formation 
Obs. These are possibly the leaves of Calamités. 
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Of the two species of Volkmannia which had been described by 
Sternberg, Volkmannia polystachya Stemb. was placed in synonymy with 
the Equistaceous Calamités nodosus Schloth. I have examined both plates 
(Sternberg, 1823, Tab. 51, Fig. 1; Lindley and Button, 1832, pi. 15, 
Fig. 1), and although I am not convinced that they are identical there 
is no doubt that the fossils are related to the Equisetaceae, bearing no 
resemblance to the Gramineae. The remaining species, Volkmannia distachya 
Stem., was left in Volkmannia by Lindley and Hutton (1832), but the genus 
was now placed among genera of fossils, "plants the affinity which is 
altogether unknown." Lindley and Button's concepts of Poacites and 
CuLnites were the same as those of Brongniart. As an example, at least 
with regard to Poacites, in 1833 they described a species P. cocoina, 
Lindley and Button as the "leaf of sane pinnated palm, whose pinnae are 
of considerable width, as in many species of Cocos." 
The next contribution which bears on the history of palecagrostclcgy 
is that of Braun (1840). In his work, a catalogue of the fossils found 
in the Bayreuth Museum, Bavaria, listed under a subheading "Plantae 
vasculares monocotyledonae," is an undescribed taxon, Graminites, with 
four genera: Germaria, Poacites, Cyperites, and Zosterites. Apparently 
Graminites inferred some similarity with the Gramineae, perhaps in the 
linear leaves, but since Braun gave no description this cannot be deter­
mined more exactly. This graminaceous relationship, however, seems evi­
dent from the several species of Poacites named by Braun, i.e., P. 
phragnites, P. arundo, P. paspalum and P. mardus. The interpretation of 
Poacites by Braun is, like that of Schlotheim, not an exact statement 
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that these fossils belong to the Gramineae, but only that they are 
strongly similar. The problem of his placement of the genera Zosterites 
and Cyperites under the (? Family) Gramlnites has not been resolved by 
me. In any event, Graminites is a nomen nudum, as has been pointed out 
by Andrews (1970). Germaria, as pointed cut earlier, does not belong in 
the Gramineae. The genus GrammophylIxan, first published here by Braun 
as a nomen nudum, is not a fossil grass. It was placed in his (? Family) 
Cycadeaceites, a group related to the modem Cycadaceae, but which at 
the time he considered as belonging to the monocotyledons. 
The next significant contributions to paleoagrostology were made by 
Unger, a European botanist and paleontologist. In his "Synopsis Plantarum 
Fossilium" published in 1845, and followed by his "Genera et Species 
Plantarum Fossilium" in 1850, he attempted to bring together systemati­
cally all the known taxa assignable to the fossil Gramineae. A compari­
son of his classifications pertinent to this discussion is presented below: 
1845 1850 
Regio II Cormophyta Regio II Cormophyta 
Sectio IV Amphibrya Sectio IV Amphibrya 
Classis Xilï Glumaceae Classis XIII Glumaceae 
Ordo XXXII Gramineae Ordo XXXII Gramineae 
Genus Culmites 
Genus Bambusium 
Genus Triticum 
Genus Culmites 
Genus Bambusium 
Gramineae Dubiae 
Gramineae Dubiae 
Genus Baiera 
Genus Baiera 
Genus Poacites 
Genus Poacites 
Genus Cyperites 
Ordo XXXIII Cyperaceae 
Genus Cyperites 
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Among the significant changes in classification proposed by Unger as 
compared to earlier authors is the placement of Culmites in the Gramineae, 
and the establishment of an informal assemblage, "Gramineae Dubiae", to 
include Poacites and Baiera, I have not been able to obtain the orig­
inal description of the fossil genus Bambusium, but Heer (1855) places 
the single described species, B. sepultxm Uhger in synonomy with his 
Arunda goepperti Heer. Unfortunately, no evidence was given for Unger's 
classification of any of these fossils in the Gramineae. 
During the period between Uhger's initial (1845) and final (1850) 
classifications, the important work of Brongniart (1849) elaborated a 
comprehensive classification of all fossil plants which he had initiated 
in 1822. He included a summary of the known fossil grasses. , 
Quant aux Poacites, les species qui ont jusqu'à present reçu 
ce nom sont non seulement etrangeres aux Graminees, mais aussi 
aux vrais Monocotyl^dones . ... La plante nomnee par M. de 
Sternberg Baiera scanica, placée a la suite des Graminées par 
Unger, est aussi une tige monocotyledone non determinable, une 
sorte de chaume, mais plutA: aussi d'une Scitaminee que d'une 
Graminee . . . , Quant aux tiges désignas sous le nom de 
Culmites jusqu'à ce jour, elles me paraissent étrangères à la 
famille des Graminées. 
He left no doubt about the questionable nature of all the fossils which 
had been previously assigned to the Gramineae. Of those known to him only 
a single species each of Culmites and Bambusium were tentatively accepted 
as fossil grasses. The problematical genera Poacites, Bajera, and the 
remainder of Culmites were also discussed. 
In summary, by 1850 the beginnings of paleoagrostology had become 
firmly established in the paleobotanical literature, chiefly under the 
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leadership of Adolphe Brongniart. His initial work (1822) had produced 
a classification of vegetative fossils, including any probable grasses, 
that was highly artificial and implied no natural relationships, but by 
1849 he had elaborated a system of classification that was at least par­
tially natural. Iftidoubtedly he and his contemporaries were greatly in­
fluenced by the revolution in the classification of extant plants occur­
ring at the time. In any event, it appears that by 1850 no undoubted 
fossil grasses had been described. 
C. 1851-1927 
Although this survey of the birth of paleoagrostology will be con­
tinued down to the present time, our attention must necessarily focus on 
the most significant works, as the volume of literature increases. In 
most cases, no attempt will be made to rule on the legitimacy of the 
studies since this is impossible from the considerations of time and 
space. Only a thorough restudy of some of these early fossils, using 
micromorphological features rather than those gross morphology, might 
render some sort of satisfactory solution as to the identity of this 
otherwise complex and controversial assemblage of fossils. 
The first half of the nineteenth century had produced a meager start 
for paleoagrostology, but the second half produced an outpouring of 
literature. With these contributions came the first reports of fossil 
grasses from North America. In Europe, focus shifted from the Mezozoic 
coal formations to the Cenozoic strata. Taxoncanic systems continued to 
be elaborated, with a view towards a more specific relationship of 
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fossil grasses to their modem counterparts. 
Heer was the first to report fossil grasses during this middle 
period of paleoagrostology. In the first and third volumes of his famous 
"Flora Tertiaria Helvetiae^" published in 1855, and 1859 respectively, 
he illustrated a large number of fossil grasses. Species described in­
clude those from extant genera such as Oryza. Panicurn, Arundo. and 
Phragmites, as well as the fossil genus Poacites. All specimens were 
from the Miocene-Pliocene strata of Europe. Sane of the best of these 
are Panicum trogloditarum Heer (Heer, 1855; Tab. XXV, Fig. 2) and Poacites 
schimperi Heer (Heer, 1859; Tab. XXV, Fig. 7) and these, among others, 
are worthy of further study to determine if they are indeed fossil 
grasses. Among the significant changes in paleoagrostology these early 
works of Heer contained were the expansion of the definition of Poacites 
by Heer to include the stems and spikelets of Gramineae, and the number 
of new species proposed. No less than 16 new species of Poacites were 
described on the basis of leaves, stems, and spikelets. 
A contemporary of Heer, Saporta, produced a number of studies (1861, 
1862b, 1863, 1865a, 1865b, 1867, 1873a, 1888) which contain references to 
fossil grasses, or at least to fossils which might be graminoid mono­
cotyledons (1894). These references mostly deal with Tertiary strata 
in which true grasses might today be expected to occur. Although 
Saporta's initial descriptions of a number of fossil grasses were made 
in 1861, it was not until 1862 that the first illustrations were pro­
vided. A number of species of the genus Poacites were described, and 
Saporta compared these purported fossil grasses to a number of living 
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genera in the Gramineae including Avena, Triticum, Poa, Lolium, Festuca 
and Arundo. However, while some of the fossils (Saporta, 1862b, pi. 3, 
Figs. 12, 13, 14, 15) do resemble the ^pikelets of many Gramineae, they 
can hardly be placed here with any final assurance. Saporta (1862b), 
like Heer, (1855) has used the genus Poacites in a restricted sense as 
representing the Gramineae, yet expanded the meaning to include spike-
lets as well as leaves. 
Two sources of great confusion in the literature must be clarified. 
First, Saporta (1861) published his initial work as a section in Heer 
(1861). In later works he refers to this as "Ex. anal." or "Examen 
analytique" when citing references to previous descriptions of species. 
Unfortunately, he did not use the original page numbers of Heer, but 
rather renumbered the pages for his section. For example, in describ­
ing Rhizocauleae (1862b, p. 193), pages 133-135 of Heer (1861) are cited 
by Saporta as "Examen analytique," p. 17-19. Second, in a later works 
Saporta (1873a, 1873b) again in describing his species, cites references 
to them as "Et. sur la veg. tert." which refer to his series of studies 
entitled "Etudes sur la vegetation du sud-est de la France a l'epoque 
tertiaire." Using the citations of page numbers as he gave them, it is 
impossible to find those page numbers in the earlier literature. For 
example, in 1873a (p. 23) he cited under Poacites glumaceus Sap. a ref­
erence to "Et. sur la veg. tert., I, p. 66." Saporta's first "Etudes" 
study (1862a) begins on page 307 and concludes on page 345. His next 
work is Saporta (1862b) which begins on page 191 and concludes on page 
311. Although there is a Poacites glumaceus Saporta in the latter paper. 
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it is on page 219, not 66, If, however, one combines the pages of 
Saporta, 1862a and 1862b, and then renumbers them beginning with 1, then 
Poacites glumaceus is indeed found on page 66. This procedure is suc­
cessful with all such citations throughout Saporta's "Etudes". 
Perhaps, in both of the above instances, Saporta was working from 
some sort of proof, rather than the actual publication. It may also be 
that these works were independently published, but I have made extensive 
bibliographic searches and have found no reference to them. 
Rhizocaulon, a genus proposed by Saporta (1861) was described by 
him as including. 
Les Monocotyledons d'affinité incertaine qui ccmposent ce 
groupe sont encore imparfaitement connues. Leur Structure, 
mais surtot les caractères compares de leurs feuilles et marne 
de leur inflorescence observée dans un seul etage, indiquent 
des plants intermédiaires entre les Cypéracees, les Restinacees 
et les Eriocaulees de nos jours. 
This genus is mentioned now only because Andrews (1870) listed the genus 
ao ? Gramineae. It was certainly not originally proposed as a fossil 
grass genus, and the illustration Saporta later (1862b) provided could 
hardly be used to place it there. In this same work (1862b) he also 
described Panicum minutiflorum Saporta, a later homonym of Panicum 
minutiflorum (Beauv.) Raspail, which cannot be classified affirmatively 
in the Gramineae. Marion later (1872) placed it in synonomy with 
Podostachys minutiflora a fossil species of the Centrolepideceae. Pres­
ent day members of this family are Asian and Australian grass-like mono-
cots, in which the flowers are subtended by glume-like bracts. Panicum 
pedicellatimi illustrated by Saporta in 1867 (p. 53., pi. 3, Figs. 12, 13) 
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is very similar to these, and does not appear to be a grass. 
Other genera of historical significance to paleoagrostology figure 
in a number of works by Saporta. The genus Arundinites included 
"grasses" similar to the genus Arundo. No illustration was provided by 
Saporta (1863), and the description given by him might fit the vegeta­
tion of any number of plants in many families. He later (1865b) described 
yet another species of this genus but the description is again too gen­
eral to be of any taxonomic value. Phragmites provincialis, originally 
described by Saporta in 1861 but first illustrated in 1867, also is not 
taxonomically defensible. Indeed Saporta later (1873b) established the 
genus Pseudophragmites to include this species, placing the genus in the 
family Rhizocauleae, a monocotyledon family appropriately labeled by 
Schimper (1870) as "familia sedis incertae." Saporta noted a faint re­
semblance of Pseudophragnites to the Gramineae in general, but again his 
illustration (1873b, p. 14, Fig. 1) could be that of any number of 
rhizomatous plants. 
Saporta (1888) continued his use of Poacites as a genus of the 
Gramineae, describing and illustrating no less than 12 new species on 
the basis of spikeletsj culms, and leaves. Of these, none can be defi­
nitely placed in the Gramineae, but future studies might change this. 
Graminophyllum, a fossil grass genus established earlier by Conwentz 
(1886), was placed here by Saporta in synonymy with Poacites. 
Saporta's last work (1894) made reference to fossil grasses. In 
this work he returns to a generic conception of Poacites much closer to 
the original one of Brongniart than he had used in all previous studies. 
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Of Poacites, he says (p. 57), "Nous conservons ce nom pour designer des 
feuilles de Monocotylees graminifornes, plus ou moins comparables a 
celles des Graminees, des Cyperacees et de certaines Potamees." In 
this same work Saporta also proposed the new genus Phyllotaenia, cmnbin-
ing the fossil genera Bambusium and Caulinites (see Hollick, 1897b). His 
description, "C'est pour cela que nous proposans celui de Phyllotaenia 
qui fait uniquement allusion a la forme rubanee de ces sortes de feuilles, 
dont les affinités reeles nous echapent," is very similar to the descrip­
tion Brongniart presented 75 years earlier for Poacites. 
The name Graminites, originally proposed as a nomen nudum without 
rank by Braun (1840), was later validated by Geintz (1865). He described 
and illustrated a single species, Graminites feistmanteli, from fossils 
found in Paleozoic coal deposits, and proposed that, "Dies durfte das 
erste Gras seyn, das in der Steinkohlen formation gefunden worden ist." 
There is no convincing evidence that his illustration, representing a 
culm with a few leaves attached, is a grass. 
A short while later Ettingshausen (1866) presented a significant 
paper which dealt primarily with the nervation of extant grasses. How­
ever, the importance of his work lies in an "Ubersicht der fossilen 
Gramineen" which he presented towards the end. It includes a systematic 
compilation of many fossil "grass" species and contains many valuable 
bibliographic citations. It also contains the first report of the grass 
genera IJniola and Arthrostylidium in the fossil record. 
Although much of the research in paleoagrostology during the 1860s 
and 1870s was occurring in Europe, one would be remiss to ignore a 
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developing literature from North America. Fossil grasses had been 
noted as early as 1859 (Engelnann, 1876) in the Tertiary of Nebraska, 
but a report by Newberry (1868) of a Phraanites sp. from the late Terti­
ary beds near Fort Union, Dacota (South Dakota) appears to be the first 
literature report of a fossil grass from North American strata. The 
leaves were merely fragments of a parallel-veined leaf and were not 
illustrated. There is little, if any, evidence to confirm this diagnosis. 
Shortly afterward, Lesquereux, in a series of papers on the fossil 
floras of Tertiary and Cretaceous Strata of the West and Midwest (1868, 
1872a, 1874, 1876a, 1876b, 1878), reported several fossil grasses. His 
report of 1878 was perhaps the most significant. Lesquereux noted that, 
"Gramineae and Cyperaceae are as yet poorly represented in the North 
American Tertiary flora; not so much on account of the deficiency of 
specimens as from the impossibility of determination of fragments of 
leaves or blades whose reference, even generic, is always problematic." 
Lesquereux was eventually convinced that such "positive characters," as 
"those of seeds with glumes and pallets" were necessary for adequate 
diagnosis of fossil grasses. Although such structures illustrated by 
him (1878, pi. 8, Figs. 7, 9) may not be grasses, his work represents a 
significant step towards the use of more reliable characters in identify­
ing fossil grasses. Of all the species of fossil grasses he described, 
none can be positively identified as a grass. 
Returning to the European literature, some of the most important 
work accomplished in paleoagrostology during the nineteenth century was 
that of Schimper (1870-72). His work included a listing and 
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description of all previously known fossil grasses and some illustra­
tions. It is the first attempt at compiling all known information, in­
cluding descriptions, on purported fossil grasses. An outline of his 
classification is given below: 
Class 1 Glumacees 
Ordo I Gramineae 
Family I Oryzeae 
Genus Oryza (1 sp) 
Family II Paniceae 
Genus Panicum (7 sp) 
Family III Arundinaceae 
Genus Arundo (5 sp) 
Genus Arundinites (4 sp) 
Genus Phragmites (3 sp) 
Family IV Festuceae et Similes 
Genus Poacites 
A. Folia et culmi (28 sp) 
B. Spiculae (1 sp) 
Genus Uniola 
Family V Bambuseae 
Genus Bambusa (1 sp) 
He included the Family Rhizocauleae as a "Fsmilia sedis incertae" in the 
Ordo Cyperaceae. 
Shortly after Schimper, Heer (1874) proposed the name Hypoglossidium, 
for "die Reste (the remains vaguely resemble glumes) von 3 Arten Mono­
cotyledon, von denen aber nur Eine eine nahere Bestismung zulasst". He 
thought perhaps they might be those of "einem rohrartigen Gras (Bambusium). 
. . although this was not certain. There is no evidence to connect 
the fossils he illustrated to the Gramineae, and in fact Post and Kuntze 
(1904) later placed this genus in the Pinaceae. 
Twelve years passed before the next significant work in paleo-
agrostology appeared. This work, authored by Gardner (1886) and appropri­
ately named "Fossil Grasses," is a historical account of the history 
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of fossil "grasses" to that date. Although in many ways incomplete, it 
is nevertheless one of the most significant bibliographic references to 
the older literature on paleoagrostology. His few illustrations of 
grass-like remains from the Oligocene provide no certainty of their re­
lationship to the Gramineae even though sane are perhaps suggestive of 
Briza. I am convinced, as he was, of the probable presence of grasses 
in the Tertiaries of Europe. Unlike him, I have seen no evidence which 
conclusively proves their presence. 
The same year Conwentz (1886) proposed the name Graminophy 1 lum for, 
"die eigentlichen Blattreste der Gramineen," indicating that this name 
was intended to replace in part the genus Poacites. Although the single 
species he described and illustrated superficially resembles a grass 
leaf, it provides no conclusive evidence to support this placement in 
the Gramineae. Another fossil mentioned by him, Zeites succineus, ap­
parently resembles a small com cob of Zea! (see Weatherwax, 1954, for 
illustrations of various mineral deposits which have been described as 
fossil "com cobs"). 
A year later, Ettingshausen (1887a) proposed the genus Bambusites 
and described one species on the basis of indeterminable leaf fragments, 
possibly of monocotyledonous nature. That same year he added yet another 
species, based on stem fragments, to this genus (1887b) which again pro­
vided no definitive characters by which such an assignment could be 
justified. 
Closing out the last half of the nineteenth century were two re­
ports which play a small role in the histoiry of paleoagrostology. In 
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the first of these. Rollick (1897a), reported on a fossil grass from 
Staten Island, New York, which was based on rhizome and stem fragments. 
Although excellently preserved, they are not adequate to be generically 
determinable. As I have pointed out elsewhere (Thomasson, 1976) such 
fragments are best placed in a form genus. Later that same year, 
Hollick (1897b) reviewed the history of the genus (Caulinites Ad. Brong, 
a genus originally described by Brongniart for branched stem fragments 
of the family Nayades (Zosteraceae). As with many of these form genera 
based on fragments, Caulinites has been placed in a number of systematic 
positions, including the animal kingdom (as a polyp)! Hollick concluded 
that, "organisms described under the genus Caulinites should be re­
garded as belonging to the rhizomes of grasses, sedges, or rushes, and 
it is unfortunate that the generic name implies relationship with the 
Naiadaceae." However, such rhizomes are also found in families like 
Orchidaceae (Holm, 1929). I remain unconvinced of the relationships of 
Caulinites except that they are probably monocotyledons of seme sort. 
The genus Caulomornha was proposed (Saporta, 1894) for similar speci­
mens of monocotyledonous stems and rhizones. 
The first fossil "grass" described in the 1900s was Yorkia 
gramineoides (Wanner) Ward. The only characteristic of this Triassic 
fossil which might imply any relationship to the Gramineae was the 
presence of linear leaves (Ward, 1900; p. 254, pi. XXXIV, Fig. 4-6). 
Unless micromorphological evidence proves otherwise, this fossil cannot 
be definitely assigned to the Gramineae. 
Post and Kuntze (1904) attempted to index as completely as possible 
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the genera of living and fossil plants and to provide as completely as 
possible the valid names and their synonyms. This is the first attempt 
to correct the nomenclature of fossil plant genera, including those of 
fossil grasses, according to any rule of priority. 
Berry (1905) took up the subject of fossil grasses the following 
year. He summarized very briefly the occurrence of fossil grasses in 
the geologic strata and concluded that the grasses were absent from the 
fossil record in the Paleozoic, rarely present in the Cretaceous, but 
abundantly represented in the Tertiary strata. Unfortunately, he pro­
vided no evidence to support this latter claim. Significantly, he did 
recognize that, "Poacites as characterized by Brongniart in 1822 was 
monotypic, and his species having been relegated to synonomy, the name 
is not available for the Mesozoic species." As pointed out elsewhere 
by me, this genus is no longer available for fossil plants of any strata. 
The years between 1906 and 1926 were characterized by a number of 
reports of fossil grasses. Among the most significant are: (1) Cock-
erell's (1908) study of the fossil flora of the Tertiary Florissant Lake 
Beds, Colorado, in which Stipa laminarum Cockerel1 was first described. 
This fossil was later (MacGinitie, 1953) determined to be a species of 
Cercocarpus (Rosaceae). (2) A short note by Brues and Brues (1908) de­
scribing a specimen of Melica primaeva, also from the Florissant Beds. 
Beetle (1958) transferred this species to Phalaris, but I agree with 
MacGinitie (1953) and Anderson (1961) that the material is too poor to 
be classified anywhere, much less in a genus of the Gramineae. (3) Pen-
hallow's (1908), "Report on the Tertiary Plants of British Columbia," 
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in which fossil grass seeds were reported. No further determination of 
the seeds were made. (4) A short note by Cockerell (1913) concerning a 
purported new species of fossil grass, Phalaris geometrorum Cockerell. 
This species, based on a structure vaguely resembling a glume, was re­
jected by Anderson (1961), and I agree with his decision. (5) The re­
port of Muhlenbergia florissantii Knowlton from the Florissant Beds, 
which MacGinitie (1953) later assigned to the genus Stipa. I have ex­
amined the type specimens of this species (USNM 34750A, 34751) and be­
lieve the material too poorly preserved to allow any determination. 
(6) Berry's contribution (1918) describing the fossil floras of Bolivia, 
in which species of the genera Festuca, Poacites, and Phragmites were 
described and illustrated. None of the evidence presented by Berry is 
sufficient to justify these determinations. (7) A catalogue of the 
fossil plants in the British Museum by Reid et al. (1926) in which 
several plants which bear a nebulous resemblance to members of the 
Gramineae were described and illustrated. The determination of this 
relationship on such meager evidence is unwarranted. In addition, Reid 
and Chandler proposed a new genus Monocotyphy1Itm, "for monocotyledonous 
leaves of uncertain affinity." This genus probably would be a synonym 
of Rhizocaulon, if any of the species assigned there should prove to 
be a monocot. 
In sunmary, the period of paleoagrostology from 1850 to 1927 was 
one in which the number of species and names of new fossil grass genera 
greatly expanded, as did the confusion regarding them. The best of these 
fossils, upon closer micromorphological examination, may indeed prove to 
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be grasses. At the present time, however, I know of no fossils described 
prior to 1928 which may be conclusively placed in the Gramineae. 
D. 1928-1976 
This period, which might be called the period of modem paleoagro-
stology, is significant for two reasons. First, this is the period dur­
ing which fossils assignable without doubt to the Gramineae were initi­
ally described. Second, the later part of this period had been charac­
terized by the use of micromorphological cuticular and epidermal charac­
teristics in the determination of true grass fossils from fragments which 
previously might have been placed in genera such as Poacites. 
The thirteen years from 1928 through 1942 might be called the most 
fruitful in paleoagrostology, for it was during this period that Maxim 
K. Elias, the father of modern paleoagrostology, pioneered the study of 
fossil grasses and other herbs from the High Plains Tertiary of North 
America. Although Elias was the first person to recognize the High 
Plains grass fossils as such, he was not the first to collect them, nor 
even the first to describe them. It is now known that C. B. Hatcher, 
who made collections in 1884 of fossil seeds at the famous Sternberg 
Quarry in Phillips County, Kansas, collected among them the first of 
these undoubted fossil grasses, preserved as anthoecia. However, it was 
not until 45 years later (Berry, 1928b) that these fossils were described, 
and even then they were assigned to the Boraginaceae. 
In 1932 Elias recognized the fossils described by Berry as true 
Gramineae, and systematically described these and other fossil plants 
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from the Tertiary of Kansas and Colorado. À new graminaceous genus 
Berriochloa was established and two species were described. Ironically, 
the fossils were inverted as to their true orientation at this time and 
it was not until later (Elias, 1935) that their true orientation with 
respect to base and apex was recognized. The fossils were compared 
most closely in the Gramineae with the genus Hordeum. In addition to 
these fossils, species of Stipa and Panicum were noted here for the first 
time. Elias noted, rightly, that their perfect preservation allowed a 
close comparison with living forms. At this time Elias also obseirved 
and briefly described the faint microstructure that he noticed on the 
surface of these fossils. Fossils described here under Stipa were later 
given their own genus, Stipidium (Elias, 1935). 
Following his initial work, Elias continued to study the fossil 
grasses from the High Plains Tertiary (1934, 1933, 1941). His studies 
culminated in a monograph of the fossil grasses (1942). He also commented 
on the phylogenetic relationships between the fossils and their modeim 
contemporaries. Though certain portions of this work are now in ques­
tion, it remains nonetheless a paleoagrostological classic and should be 
consulted by anyone interested in the evolution of fossil and modem 
grasses. It was a great misfortune to the science of paleoagrostology 
that Elias shifted his primary attention elsewhere after this study. 
During the period of Elias' work several other papers appeared 
(Berry, 1929, 1937; Frengnelli and Parodi, 1941, among others) relating 
to fossil grasses. That of Frengnelli and Parodi is most interesting as 
it documents a supposed fossil bambusoid grass, Chusquea oxyphylla, which 
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although grossly comparable to a modem Chusquea, is only questionably 
referrable there. 
Passing over several years during which numerous papers made men­
tion of such grass-like remains as Poacites, Arundo, or Phragmites sp., 
we come to the next paleoagrostological work of merit, that of Wayland 
(1957). This study of the cuticular characteristics of some Tertiary 
monocots initiated attempts to identify by microscopic characters plants 
which in the past had been placed in such dubious genera as Poacites. 
Noting that the epidermal features of both the Cyperaceae and Gramineae 
are highly complicated and distinctive when compared with other plants, 
he established the genus Glumophyllum for, "Nicht naher bestimmbare 
fossile Blattreste, die sowohl von Gramineen wie von Cyperaceeen stammen 
konnen und Merkmale rezenter Arten dieser Familien aufweisen." Citing 
Grob (1896) and Pfeiffer (1927), he indicated that the presence of long 
cells, short cells, cone cells, and grass type stomata characterized 
this genus. Their occurrence in long rows is considered by him to be 
very distinctive of both families, but, only in rare cases could the 
exact family, Gramineae or Cypraceae, be determined. 
Scsnewhat later. Ruffle (1963) described the micromorphological 
characteristics of a number of Tertiary monocot leaf fragments, conclud­
ing that he was able to determine that they were from members of the 
Gramineae. He based this conclusion on, "Die Reihen aus Spaltoffnungen 
und Langzellen in Verbindung with dem Kurz-und Langzellen." For the 
species he described and illustrated, he used the name Graminophyllum 
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proposed earlier by Conwentz (1886), and of the specimens he illustrated, 
his PraminophyHum concavum appears without any doubt to be a grass. 
Three years passed before micromorphological characters were again 
used to determine the systematic position of fossil grass-like epidermal 
fragments when Litke (1966) described three species of Graminophyllum and 
two of Glumophyllinn» All factors considered, these fossils do appear ia 
systematic harmony with the characters of the fossil genera in which 
they were placed. 
Most recently, Litke (1968) has examined the status of previous 
determinations of Tertiary fossil grasses which have been identified by 
epidermal characters as belonging to the Gramineae. Although he pointed 
out that "true" remains of fossil grasses had been identified by Straus 
as early as 1954, some remains later identified by Ruffle (1963) as 
Glumophyllum ellipsoideum and G. amphistomatosum were, in reality, palms. 
In addition, he also reviewed the diagnostic characteristics of 
Graminophyllum, i.e., the presence of short and long cells, frequently 
in rows, the occurrence of "Kurzzellen-Paares" (silica-suberin couples), 
and the presence of "der hantelformig Bau der Stomata" (dumbell shaped 
stomatal apparatus). Descriptions and illustrations of several new 
species of Graminophy1lum were also provided by him. 
During the period (1957-1968) when a revolutionary new approach to 
the identification of fossil grasses, namely epidermal analysis, was be­
ing practiced, several other paleoagrostological reports of a more tradi­
tional macromorphological nature appeared. Several of these (MacNeal, 
1958; Chaney and Âxelrod, 1959; Andreanszky, 1959; and Weyland, 1964), 
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been so varied that it is, for all practical purposes, meaningless. Of 
the genera that have been proposed for fossil grasses that of this 
Tertiary GraminophyHum is the earliest available legitimate name specif­
ically for grass leaves. The genus Graminites. which at first glance 
seem available, was described from a culm with leaves attached and seems 
less likely to be a true grass. Of the various other genera that have 
been proposed at one time or another as grasses, none appears to have 
any basis in fact. In this respect too, the assignment of many frag­
ments on the basis of gross morphology to such living genera as Arundo, 
Panicum, Phragnites, and Oniola among others, is fanciful at best, and 
should be immediately abandoned. Finally, although the first 100 years 
of paleoagros tology are chiefly of historical interest, this is not true 
of the last 50 years up to present. With the advent of such techniques 
as the scanning electron microsope, future studies should reveal informa­
tion about fossil grasses unparalleled in the past. 
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IV. GEOLOGY 
A. The Ogallala Formation in Central North America 
The Ogallala Formation was named by Barton (1899) from a locality 
in southwestern Nebraska that he later (1920) referred to as Ogallala 
Station. Elias (1931, 1932, 1935, 1942) made detailed studies of the 
Ogallala in western Kansas and described fossil endocarps, nutlets, and 
anthoecia from the formation. In 1956, Frye, Leonard, and Swineford 
further described the Ofallala Formation in northwestern Kansas and 
maintained it as a formation consisting of three members, which, in as­
cending order, are Valentine, Ash Hollow and Kimball. Since then Frye 
and Leonard (1957, 1959, 1964, 1972), Leonard, Frye, and Glass (1975), and 
Leonard, Frye, and Glass (1975) have contributed a number of significant 
papers primarily concerned with the stratigraphy of the Ogallala Forma­
tion. More recently other authors (Boellstorff, 1976; Breyer, 1975) 
have presented evidence that the stratigraphy of the Ogallala Forma­
tion as previously understood is subject to question. 
Deposits of the Ogallala Formation consist of both consolidated and 
unconsolidated sediments derived from the Rocky Mountains and carried 
eastward onto the High Plains. The tectonic events that controlled the 
Late Tertiary history and sedimentation in the region are not fully 
understood (Frye, 1971), but they reflect in part a massive uplift dur­
ing the Rocky Mountain orogeny (Cook, 1960) and climatic changes (Smith, 
1940; Voorhies, 1971). These and probably others combined to change an 
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environment of widespread erosion to one of equally widespread deposi­
tion. The resulting deposits extend over an area 800 by 400 miles and 
as such are the largest expanse of almost continuously exposed nonmarine 
Miocene and Pliocene sediments on the North American Continent (Frye, 
Leonard, and Swineford, 1956). Presently the deposits vary from a thin 
veneer to a thickness of more than 300 feet. In the past they may have 
been as thick as 600 feet (Bretz and Horberg, 1949). 
B. Tertiary Deposits^in Ellis County, Kansas 
The Tertiary sediments in Ellis County have not been studied in any 
detail and are only poorly understood. Bass (1926) briefly outlined the 
distribution of the Ogallala Formation in Ellis County, and Frye, Leonard, 
and Swineford (1956) examined a single site during their study. Zehr 
(1974) described the Clarendonian Hamburg local vertebrate fauna and 
deposits from the western edge of Ellis County, but did not discuss the 
Ogallala of the remaining parts of Ellis County. Preliminary evidence 
from studies indicated that, if the sediments in Ellis County can be 
assigned within this Ogallala framework, then they most likely represent 
Ash Hollow strata. There is some question, however, as to the applica­
bility of the Valentine, Ash Hollow, Kimball sequence in a regional 
sense outside Nebraska (Gregory, 1942; Zehr, 1974), and Breyer (1975) 
concludes the Kimball Formation does not exist and that sediments as­
signed there are not distinguishable from those of the Ash Hollow Forma­
tion. He therefore combined these two formations into a single Ash 
Hollow Formation. 
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Tertiary sediments have been recognized in western Kansas for 
sane time (Mudge, 1874; Haworth, 1897; Johnson, 1901, 1902). However, 
it was not until 1926 that Bass mapped and described outliers of Ogallala 
deposits in northern Ellis County, Kansas. He reported that these out­
liers consisted of about 75 feet of sand, gravel, silt, and clay loosely 
cemented in part with limy materials to form "mortar beds" (Bass, 1926). 
They lie unconfoimably on the Niobrara Formation of Cretaceous age, and 
occupy the ridges between major drainage systems. Present studies indi­
cate these deposits in Ellis County attain a maximum thickness of at 
least 35 meters and probably represent sediments of at least two dis­
tinct lithological and mappable units. The upper of these is tenta­
tively assigned to the Ogallala Formation, although Zehr (1974, personal 
conmunication) feels there are no equivalent sediments in Nebraska and 
suggested the possibility that all the Ellis County deposits represent 
a new formation. The lower strata, basically clays, are nontypical of 
the sediments described for the Ogallala Formation, and represent a dis­
tinct rock-stratigraphic unit, possibly of formational rank. 
"Algal" (pisolitic) limestone was noted at seventeen localities in 
Ellis County. At some localities the characteristic pink concentric 
structural nature (see Swineford, Leonard, and Frye, 1958) of the lime­
stone was brilliantly developed while at other sites it was only faintly 
noticeable. Although the unit was previously thought by Elias and others 
to "cap" the Ogallala Formation, the "algal" limestone is now considered 
by most workers to be an edaphic structure which was formed as a result 
of climatic events of the Quaternary (Frye et al., 1974). For a review 
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of the various early hypotheses regarding its origin consult Bretz and 
Horberg (1949) or Swineford, Leonard, and Frye (1958). 
A very distinctive horizon of opal with black dendrites, "moss 
agate", caps the sequence of Tertiary sediments at a number of sites in 
Ellis County. Similar rocks were noted by Elias (1931) in Wallace 
County. "Moss agate" appears to be of no stratigraphie significance and 
it apparently is a product of weathering. 
The bulk of the deposits in the upper half of sequences in Ellis 
County consists of silts, sands, and conglomerates. They may variously 
be poorly to well-sorted. The sediments consist predominantly of quartz 
grains, which contrasts somewhat with findings of other workers (Frye, 
Leonard, and Swineford, 1956). Primary structures such as imbrication 
and low and high angle cross beds were observed. The volcanic ash beds 
noted in Ellis County occur in these upper, coarser sedients. "Seed" 
fossils were found predominantly in the sands and silts, although they 
were found in the conglomerates as well. The sediments exposed in Ellis 
County appear generally coarser than sediments exposed in beds at the 
type locality of the Ash Hollow member, south of Lewellen, Nebraska. 
Volcanic ash beds have been widely reported in late Tertiary de­
posits in the High Plains (Swineford and Frye, 1946; Carey et al., 1952; 
Frye and Leonard, 1955) and have been used recently in inter­
preting the stratigraphie successions of deposits in the High Plains, ~ 
utilizing data from fission-track dating of volcanic glass shards 
(Boellstorff, 1976). Although one ash bed has been reported in nearby 
Trego County (Wilson, 1969), no previous reports of volcanic ash beds 
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have been made in Ellis County. 
Tuffs have been discovered at a number of sites. At sites 21 and 28 
the lower levels of the ash beds are extremely pure. These beds were 
apparently deposited very quickly with no subsequent reworking. At 
sites 9, 13, and 29 among others, this was not the case, as considerable 
contaminating sand is present. 
One pure ash sample was submitted for K/Ar age determination by 
Teledyne Isotopes. The results are presented below: 
Table 2. Age determination of volcanic ash from site 21 
Isotopes Isotopic 40 Rad 40 
sample No. age (m.y.) see Ar /gm x 10 % Ar Rad % K 
KA 74-155 18 + 3.6 .38 19.6 4.54 
.28 4.1 4.56 
'I 
The constants used for the age calculations are: |3 = 4.72 x 10 yr 
-N -10 -1 40 -4 
A = 0.585 X 10 hr and K = 1.19 x 10 atom percent of natural 
potassium. 
All samples were done in duplicate» As the volume of radiogenic argon or 
the potassium content decreases, the size of the analytical error natu­
rally increases. Although the potassium content of the rocks analyzed 
turned out to be favorable, the fine grain size resulted in a rather high 
atmospheric argon correction relative to the radiogenic argon. For this 
reason no less than the 20% error was reported. If material with well-
defined crystals, especially with biotite or sanadine could be found. 
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more reliable dates could be realized. 
Extremely well-sorted clays were noted at a number of sites (Fig. 6) 
in Ellis County. These were generally restricted to the lower half of 
the sequence of sediments in Ellis County sections and represent deposi-
tional environment contrasting strongly with those represented by the 
sands and conglomerates higher in the sections. Elias (1931) noted 
similar clay beds in the lower portions of sequences of Tertiary deposits 
in Wallace County and Russell (1929) noticed similar strata in Trego 
County. Elias called the beds in Wallace County "Woodhouse Clays", con­
sidering them a lateral lithofacies of deposits there. This does not 
seem likely in Ellis County deposits because of their consistent lower 
position and they more likely represent a different depositional period 
than the coarser sediments above. Possibly these clays might be suffi­
ciently distinct and mappable to assume a fonnational status. I have 
seen no deposits in sediments considered "Ogallala" in Nebraska which 
approach these clay strata in size and extent. Breyer (1975) reported 
no clay beds in his studies of the Ogallala sediments in western Nebraska. 
Future detailed studies of this problem are needed. 
C. Correlations and Age of Tertiary Deposits Studied 
Definitions and utilization for correlation purposes of subdivisions 
within the Ogallala have been in the past and continue to be a problem. 
Some workers (Moore et al,, 1951; Merriam, 1963; Zeller, 1968) con­
sider the subdivisions of the Ogallala, e.e., Valentine, Ash Hollow, and 
Kimball (from oldest to youngest) to be members whereas others consider 
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them to be formations (Lugn, 1939; Elias, 1942; Schultz and Stout, 1961; 
Voorhies, 1971). Where the type localities for subdivisions were desig­
nated in Nebraska they are lithologically distinct and can be used for 
local correlations (Elias, 1942). However, as one leaves these areas 
the distinctive lithologies disappear (Gregory, 1942; Zehr, 1974) and 
the subdivisions are either redefined on the basis of floral zones (Frye 
and Leonard, 1959) or they are considered to be inapplicable outside of 
the type localities or areas (Zehr, 1974). 
The most intensively studied localities during the course of this 
investigation were those in Ellis and adjoining Rooks Counties, Kansas. 
Additional sites were studied in other parts of Kansas, Nebraska and 
Colorado. As a result of these studies, it is now possible, at least in 
Ellis and Rooks Counties Kansas, to propose correlations of the deposits 
there (Fig. 6). Comments on the relationships of more widely distributed 
deposits at sites in Nebraska and Colorado will be briefly summarized 
and possible correlations will be noted. 
A general coarsening upward sequence of sediments was noticed in 
Ellis County deposits (Fig. 6, graphic sections 6, 42, 9a-c). In the 
basal portions were brown and green clays which were often extremely 
well-sorted. Within the clay beds, lenses of densely cemented sands 
were often common. These clays were best exposed at sites 6, 9 and 42. 
The medial portions of deposits were composed of silts and sands. 
Characteristically, these were reddish brown to grayish or cream in color 
and were less well-sorted than the lower clays. It is these deposits 
that comprise the bulk of the Prolithospermum johnstonii-Nassella pohlii 
Fig. 6. Proposed stratigraphie correlations of deposits at 
sites in Ellis and Rooks Counties, Kansas that have 
produced fossil "seeds" (= anthoecia, nutlets, achenes, 
and endocarps). General locations of sites are indi­
cated 
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Zone. Finally, in the uppermost beds at a number of sites were coarse 
sands and conglomerates. These were poorly sorted with gravel to 15 cm 
in diameter noted at site 10. These beds are particularly well-exposed 
at sites 7, 8, 9a, 9b and 42. 
A similar sequence to those noted in Ellis County was reported by 
Elias (1931) in Wallace County and by Russell (1929) in Trego County. 
I have also measured an exposure at Castle Rock, in Gove County which 
displays the same coarsening upward sequence. Whether the deposits in 
Wallace, Trego and Gove Counties are genetically related to those in 
Ellis County is not known at this time. 
Correlations in Ellis County were made on the basis of both lithol-
ogy and seed floras wherever possible. The deposits represented at 
sites 42, 9a-c, 7, 8 and 33 are the most securely correlated. Especially 
valuable lithologically at these sites was the presence of a massive 
fine sand to silty bed (bed 4 at 9a) characterized by being well- to 
extremely well-sorted. Often, but especially at site 8, well-sorted 
medium to coarse sand lentils a few cm long and perhaps 1 to 2 cm thick 
were also observed. Not infrequently the seeds occurred in this bed as 
distinct lentils, clusters, or ? coprolites (Fig, 60). Basically the 
taxa of seeds in this bed included Berriochloa minuta, Prolithospermum 
iohnsontii. and N. pohlii. Quite diagnostic, but less frequent in occur­
rence was N. reynoldsii. 
Another group of sites almost equally well-correlated are 28, 29 and 
21. The principal basis of this correlation lithologically is the tuff 
bed at each site. At 28 and 21, this tuff grades downward into pure 
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volcanic ash and rests directly on fine sandy-silts. 
Outside of the two previously mentioned groups other sites in Ellis 
County are less-securely correlated. Possible correlations however, are 
indicated on Fig. 6. 
At least a probable correlation can be drawn between groups of se­
curely correlated sites (42, 7, 8, 9a, 9b) in northwestern Ellis County 
and those sites (28, 29, 21) in west central Ellis County. This is 
accomplished on two combined evidences. First a volcanic ash is present 
in both sequences. Second, characteristic species of Nassella, either 
N. pohlii or N. reynoldsii occur at the sites in close proximity to the 
ash bed. Since both species have been collected together at site 8, I 
interpret their absence in collections where one occurs and the other is 
absent as a collecting artifact. 
One site in Nebraska is possibly correlated with deposits in Kansas. 
At UNSM collection site FT-40 (my site 35) an excellently preserved flora 
of seeds was collected by H. D. Gross and me from mortar beds to the 
east and stratigraphically above the main quarry. The flora includes 
Prolithospermxan johnstonii, Panicum elegans, Biorbia fossilia, and Celtis 
villistonii. Based strictly on this collection, and fully realizing the 
possibility for error, it would appear that the deposits at UNSM-FT40 are 
approximately contemporaneous with those in the Prolithospermtm 
iohnstonii-Nassella pohlii zone in Ellis County, Kansas. 
Near Wray, Colorado (my site 45) a flora was collected by Mark 
Mathison and me which included Berriochloa minuta. B. cf. intermedia, 
Biorbia fossilia. Cryptantha coroniformls. and Celtis willistonii. 
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Sediments there are also somewhat similar to those in Ellis County. Pos­
sibly this site might be correlated with deposits in Ellis County, but 
further studies are a necessity before this can be considered as affirma­
tive. 
Finally some time was spent at the type locality (my sites 43, 44) 
of the Ash Hollow Member (Formation, Nebraska sense). Both the seeds and 
sediments appear distinct frcm those in Ellis County and it may eventu­
ally be proven chat deposits of the two regions cannot be correlated. 
Studies of seeds from the Ash Hollow type locality are presently the 
subject of a separate study by me. 
At the suggestion of this author, Steven B. Selva, Iowa State Uni­
versity, is presently conducting a biostratigraphic study of the 
diatoms from several freshwater limestones in the study area. He 
has indicated (personal communication, 1976), however, that the results 
of his studies with respect to the correlation of involved sediments are 
inconclusive at this time. 
On the basis of endocarps, nutlets, and anthoecia, a late Pliocene 
age had been assigned to bed 3 at site 9a (Thomasson, 1976). The age 
was recently (Daily and Thomasson, 1976, under review) reinterpreted as 
late Miocene-early Pliocene on the basis of fossil manmal remains and is 
followed here. 
An important new vertebrate fauna was discovered by me at site 29 
in Ellis County. This site is stratigraphically at about the middle of 
the P. johnstonii-N. pohlii Zone. Vertebrate foims represented (Table 3) 
have been provisionally assigned a Hemphillian land mammal age (R. J. 
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Zakrzewski, Ft. Hays Kansas State College, Hays, Kansas, personal com­
munication, 1975), which geochronologically would be considered late 
Miocene-early Pliocene (Berggren and Van Couvering, 1974). This verte­
brate fauna is well above the Hamburg local fauna described by Zehr 
(1974), which was assigned a Clarendonian land mammal age (middle to late 
Miocene). Turtle and snake remains fran site 39 (Table 4) appear to 
indicate a late Miocene-early Pliocene age (J- A. Holman, Michigan State 
University, personal communication, June, 1976). 
In recent years age determination of the Tertiary deposits has been 
undertaken utilizing the fission-track analysis on various mineral crys­
tals of volcanic ash beds. No age determinations using this method yet 
available on volcanic ash in the deposits in Ellis County. But, a sig­
nificant number of dates have been made of many ashes of the late Terti­
ary deposits in the High Plains which are contempraneous with the Ellis 
County deposits. Ashes bracketing sediments considered as Ash Hollow 
have been dated at 6.8 + 0.3 m.y, and 10.6 + 0.6 m.y. (Boellstorff, 
1976) which would be late Miocene. A fission-track age determination of 
zircons from an ash in the Kimball member of the Ogallala Formation gave 
an age of 4.6 + 1.0 m.y. (Izett, 1975) which would be late Miocene-early 
Pliocene. 
In summary sediments which are present in Ellis County appear to 
be of late Miocene-earliest Pliocene age. 
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V. BIOSTRATIGRAPHÏ 
A. Vertebrate Faunas in Ellis County 
Vertebrate fossils were discovered in the Tertiary deposits of 
Ellis County as early as 1875 (Mudge, 1876). Nudge reported the remains 
of a three-toed horse and indicated that it might be assigned to the 
Miocene genus Anchiterium. No further significant work on vertebrates 
of the Tertiary deposits in Ellis County was conducted, however, until 
Zehr (1974), at the encouragement of R. J. Zakrzewski, studied the fossil 
vertebrates from deposits on the western edge of Ellis County. His study 
resulted in the establishment of the Hamburg local fauna that he con­
sidered to be an early Clarendonian vertebrate fauna. He assigned an 
early Pliocene age to this fauna. Twenty-one taxa of mammals and a 
number of lower vertebrates were recovered, and he concluded that they 
indicated "a humid, subtropical climate, abundant deciduous vegetation 
along the river, grass-covered slopes on the flood plain, with the exist­
ence of a nearby savanna." 
Several new vertebrate localities were discovered by me during the 
course of my fieldwork. While no indepth systematic study of all the 
fossils taken from these localities has been undertaken, several have 
been identified both by me and vertebrate paleontologists. These verte­
brates provide important evidence as regards the paleoecology and paleo-
climatology of the geologic periods during which the "seed" bearing strata 
weifê deposited. 
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During late July of 1974, several vertebrate fossils were dis­
covered a few feet above the contact of beds 1 and 2 at site 29. Sub­
sequently, 1 opened a small excavation and recovered a number of other 
vertebrates, and later, with the aid of Mr. Harold D. Gross, Hays, 
Kansas and Dr. R. J. Zakrzewski, expanded the dig. From that time until 
June of 1975, a large number of vertebrate remains and fragments were 
taken. Preliminary identifications of a small amount of the material is 
presented in Table 3. 
In addition to the listed specimens, fragments of a thin-shelled 
turtle carapace are also present in the collections. 
Vertebrate material at site 39 was initially discovered in early 
July 1975. The fossils were recovered from the upper 150 cm of bed 2, 
along with an intimately associated and beautifully preserved flora of 
fossil seeds. The snake and turtle remains were identified by J. Alan 
Holman, Museum, Michigan State University, and the other vertebrates 
were identified by R. J. Zakszewski, Sternberg Memorial Museum, Fort 
Hays Kansas State College. Following is a list of the identified 
material (Table 4). 
Fossil seeds recovered at this site are shown on Fig. 6, graphic 
section 39. My experiments revealed that the usual methods of vertebrate 
recovery, such as screening or washing, recovered the vertebrates but 
destroyed the seeds. It is essential that no collection method except 
handpicking be practiced at this site. Fortunately, the sediments at 
this site are readily disaggregated by degaging under a binocular micro­
scope . 
Table 3. Identified fossil vertebrates recovered at site 29 
Sternberg Memorial 
Museum (FHSM) JRT No. Specimen Remarks 
14193 
14193 
14193 
14193 
14193 
.4193 
14193 
14193 
14193 
1 
40 
48 
51 
38 
2 
6 
20 
41 
29 
29 
29 
29 
29 
29 
29 
1 
40 
48 
51 
38 
2 
6 
29 - 20 
29 - 41 
Rhinocerus (Aphelops) incisor 
" " femur 
II II 
II 
upper molar 
cuneiform 
Peccary (Prostennhops) molar 
Cinnel molar 
" astragalus 
Horse (Pliohippus) upper second 
premolar 
Carnivore, lower jaw with first 
molar 
14193 - 9 29 - 9 Salamander (Amblystoma) humerus 
Large; greatest 
length 75 mm; 
greatest width 45 mm 
Mustelid character­
istics; skunk or 
badger type; may be 
a new genus. More 
plains than forest 
type. (R. J. 
Zakrzewski, personal 
communication, 1976) 
62 
Table 4. Identified fossil vertebrates at site 39 
JRT No. Specimen Remarks 
39-4, 39-5, 39-8 
39-10,39-11,39-12, 
39-6, 39-7, 39-9, 
39-24, 39-25 
39-20, 39-30, 39-43, 
39-50 
39-26, 39-28, 39-32, 
39-33, 39-35, 39-39, 
39-41, 39-42, 39-44, 
39-45 , 39-46 
39-2 
39-1 
39- no number 
Snake elements 
(Elaphe aff. nebraskensis 
and vulpina); trunk verte­
brae 
All snake elements 
are probably from a 
single individual 
(personal communi­
cation, J. Alan Hol-
man, 15 June 1976) 
Same as above but cervi­
cal vertebrae 
Same as above but 
caudal vertebrae 
Same as above but ribs 
Mole (? Hesperoscalops) 
humerus 
Ground squirrel (Spenno-
philus); lower jaw with 
teeth 
Large tortoise (? Geochelone) 
carapacial fragments 
A few vertebrate fragments have been found by me near the north end 
of site 7 in the lowermost exposure of bed 1. Zeht (1974) reported, and 
I have seen, a very large land tortoise (Geochelone) exposed at the 
contacts of beds 1 and 2 in the north half of the same exposure. Re­
mains from this site were identified by J. Alan Holman, The Museum, 
Michigan State University. Following is a list of those fossils 
(Table 5). 
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Table 5. Vertebrate fossils recovered at site 7 
JRT specimen No. Specimen Remarks 
7-2, 7-3, 7-4 Large tortoise 
(Geochelone orthopygia) 
dermal ossicles 
All tortoise frag­
ments collected from 
same individual. 
7-5 Same as above but 
xiphiplastron 
7-no members Assorted large plastral 
and carapacial fragments. 
At site 6, vertebrates have been discovered at a number of locali­
ties. Fossils were generally found in densely cemented "mortar beds" 
and were recovered only with great difficulty. Peccary fossils were 
identified with the assistance of R. G. Comer, Museum, University of 
Nebraska. Fossils identified are given in Table 6. 
Vertebrate fossils at site 41 were discovered during a brief visit 
in early June of 1975. Later visits revealed this site to be of special 
significance since only one type of vertebrate, large thin-shelled 
(8-25 mm) land tortoises, were discovered there. They were, however, 
very abundant and on my second visit I discovered five separate individ­
uals exposed in bed 2. In one of these was found the remains of a 
pelvic girdle (Fig. 63). If fully explored, this site should prove to 
be an important new locality for tortoise fossils. 
The jaw of a small rodent, which appears to be that of a ground 
squirrel, was found in association with a cache of seeds in the upper 
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part of bed 1, of site 33. A small unidentified limb bone was found 
in the lower, exposed 60 cm of bed 1. 
Table 6. Identified fossil vertebrates recovered at site 6 
JRT 
specimen Specimen Locality Remarks 
No. 
6-1, 6-2 
6-13 
6-14 
6-16 
6-17 
6-no num­
bers 
Large tortoise 
(? Geochelone sp.) 
Carapace and plastron 
Peccary (Pros tennhop s 
graffhanmi) ; inferior 
P4 that is part of 
6-14 
Same as 6-13 but rear 
two-thirds of right 
lower jaw including 
M5 and M2 
Same as 6-13 but a 
median phalanx 
Same as 6-13 but a 
right tibia 
Same as 6-13 but a 
left tibia 
Large tortoise 
(? Geochelone) 
carapacial fragments 
I . (bed 
II of 3 ) 
same as 
6-1, 6-2 
Fragments only recovered; 
main fossil left in 
place (Fig. 62) 
Probably all peccary 
material is from a 
single individual; all 
peccary material has 
been closely compared 
with the type and re­
ferred material of 
(Prostennhops graffhammi 
at UNSM. (UNSM 76052, 
76054, 76071). 6-1, 6-2, 
6-13, 6-14, 6-15, 6-17 
collected within 18 in. 
of each other. 
same as 6-1, 
6-2 
same as 6-1, 
6-2 
same as 6-1, 
6-2 
same as 6-1, 
6-2 
3 , upper 
bed 8 
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B. Floral Zones in High Plains Tertiary Deposits: Past and Present 
An examination of the history of floral zones in the High Plains 
Tertiary Deposits is a necessity to a better understanding of the im­
portant changes in use of floral zones proposed in this paper. Because 
previous workers have used "seeds" for zonation in a slightly different 
way, it is appropriate to investigate these differences and to comnent 
on those aspects of this history which have contributed to recent ques­
tions concerning floral zones by this author and others (Webb, 1969; 
Zehr, 1974). 
Elias (1931) described the geology of Wallace County, Kansas, dis­
cussing in detail the Tertiary geology and paleontology of the Ogallala 
Formation there. This was the first attempt to use fossil "seeds" in 
a biostratigraphic sense. He collected a number of fossil anthoecia, 
nutlets, and endocarps and concluded that (p. 151) 
among the collected remains of fossil herbs Biorbia rugosa 
and Berriochloa glabra were found in several localities. . . . 
As far as present experience indicates they (Biorbia rugosa = 
Biorbia fossilia) are the most valuable index fossil of the 
Ogallala in the collected sense (only those beds of grit parti­
ally cemented into "typical" mortar beds).... Owing to the 
abundance of these fossil fruits the middle portion of the 
Ogallala may well be called the "zone of fossil herbs". It 
measures about 130 feet in thickness. The fruits of fossil 
herbs and Celtis stones are found chiefly about in the middle 
and near the top of the zone. 
Elias did not specifically delimit the term "zone" in its usage. But, 
his use of the term "zone" appears to be in close agreement with that 
accepted by the U.S. Geological Survey at the time (Fenton and Fenton, 
1930, p. 146): 
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zone is a convenient and somewhat indefinite stratigraphie ' 
Lerm covering the vertical interval through which a species 
or larger biologic group ranges or is especially abundant or 
characteristic, without particular reference to the lithologie 
units that may be recognized and mapped. . . . 
Although Elias described the "zone of fossil herbs" as occuring in beds 
of a particular lithology, clearly his zone was biologic in nature. 
Elias thought that this zone could be reached at any point in the 
Ogallala by measuring a known distance below the capping "algal lime­
stone". The following year, in a systematic report on grasses and other 
plants from the Tertiary rocks of Kansas and Colorado, Elias (1932) de­
scribed several species of grasses and borages and once again described 
their occurrence from typical "mortar beds" (p. 334) mentioning again 
the "fossil herbs zone" (p. 338). No further biostratigraphic refinement 
of this zone was given at this time. A considerable elaboration and 
refinement of the floral zones was, however, published by Elias in 
1934. Distinctive floral zones as well as subzones of these were illus­
trated, as were the geologic ages of the zones as indicated by verte­
brates. Stratigraphie positions of the zones within any roek-strati-
graphic units were not indicated. 
A short time later Hibbard (1934) published a diagram which incorpo­
rated floral zones. This diagram, drawn by Elias, was specifically re­
lated to western Kansas sediments. Two zones were illustrated, a lower 
zone of Krynitzkia coronifomis succeeded by an upper zone of Biobia 
fossilia. Principal vertebrate faunas were related to these zones, and 
once again the zones were tied in with rock units in approximately the 
same relationship as Elias (1931) had originally proposed. The floral 
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zone of Krynitzkia coronifonnis had its upper limit near the top of 
the Woodhouse clays. 
Still later Elias (1935) republished nearly the same floral zone 
chart that he had earlier (Elias, 1934). However, more detail was pre­
sented and Elias indicated (p. 24) that at least some of the fossil 
grasses and herbs . . are of utmost importance as index fossils in 
the late Tertiary deposits of Nebraska and the surrounding territory 
. . ., they furnish the most important and widely distributed index fos­
sils for zoning of the lower and middle Pliocene". Finally Elias (p. 31) 
concluded that, "... after being tied in the most precise way to the 
important and recently carefully revised faunal zones of the High Plains, 
the floral zones can now be used for determination of the age of rocks 
in those numerous outcrops from which no vertebrate remains have been 
collected or in which they have not been found in sufficient number or 
were not well preserved". This is an important point in the history of 
these fossil "seed" zones, since it represents the first time they were 
used to determine ages of rocks enclosing them. 
Three years passed before floral zones were used again in a paleontol-
ogical report, when Elias, in Chaney and Elias (1938), developed a zona-
tion of all the Tertiary strata above the Arlkaree Formation in the High 
Plains areas of Nebraska and Colorado. In this report five (possibly 
six) zones were recognized. Celtis, which had originally been considered 
an index species of its own floral zone (Ellas, 1934, 1935) was no longer 
considered so, and a zone of Echinochloa sp. nov. was in approximately 
the same position. Of the six zones proposed in their paper, four were 
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based on undescribed taxa. 
The concept of floral zones by this time had become so firmly 
fixed in the paléontologie record that Lugn (1938) in a discussion of 
the "Valentine Problem" could present a chart in which the zones were 
firmly tied to lithologie units in the High Plains. A short time later 
in his classification of the Tertiary system in Nebraska, Lugn (1939) 
presented a slightly altered review of his earlier chart. Undoubtedly 
both charts are essentially the result of Elias's previous 10 years re­
search and both tie biostratigraphic floral zones firmly to rock-strati-
graphic units. Prophetically, Lugn (1939, p. 1273) concluded that, "It 
seems probable that the use of fossil seed zones may well mark a new 
epoch in Tertiary stratigraphie investigation for nearly all late Miocene 
and Pliocene sediments in the Great Plains Region." 
The early era of seed studies culminated in Elias's "Tertiary 
Prairie Grasses and Other Herbs From the High plains" published in 1942. 
This work, a paleobotanic and paleoagrostological classic, provided de­
scriptions of 34 species and several varieties of anthoecia, nutlets, 
and endocarps, and summarized the conclusions of Elias with regard to the 
zonation of the Ogallala on the basis of these "seeds" (Fig. 7). The 
zonation presented by Elias was little questioned in the literature 
until quite recently, and in fact the basic zonation presented by all 
subsequent workers was basically like that of Elias. Elias continued to 
believe that the "zones of herbaceous seeds" could be reached by measur­
ing a specific distance below the capping "algal" limestone (p. 109). 
Except for an occasional reference to fossil seeds which were 
Fig. 7. Chart showing stratigraphy of described late Tertiary rocks and 
stratigraphie position and evolution of herbs (from Elias, 1942, 
with permission of Maxim K. Elias) 
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recovered incidentally to other geologic studies, no further investiga­
tions of fossil seeds appeared until Frye, Leonard and Swineford (1956) 
studied the Ogallala Formation in Northern Kansas. They examined a 
large number of stratigraphie exposures and presented a detailed summary 
of the occurrence of fossilized "seeds". Their findings are significant 
not only for the number of new Kansas "seed" localities discovered, but 
also because they supported in almost every detail the findings of 
Elias. Again, like Lugn, they recognized the importance of the fossil 
seeds, concluding that: 
In summary, it must be emphasized that for the field 
stratigrapher interested in local and regional correla­
tions, fossil seeds are the most useful stratigraphically 
of all the kinds of organic remains found in the Ogallala 
sediments. Furthermore, distinctive floral assemblages are 
known as far down the geologic column as the Harrison forma­
tion of Miocene age, so that stratigraphie framing of the 
Ogallala sediments is possible in regions where older 
Cenezoic strata exist. Â thorough knowledge of fossil seeds 
and an awareness of the distinctive qualities of the several 
ash falls in Neogene strata in the western plains region are 
necessities for anyone who pursues detailed stratigraphie 
studies in this part of the geologic column. 
Moving south into the Ogallala Formation Texas, Frye and Leonard 
(1957, 1959) expanded significantly the known aereal and temporal dis­
tribution of seeds in the Ogallala Formation. These studies resulted 
in the establishment of fossil "floral" zones and their use in the 
correlation of the Ogallala Formation in Texas with the type localities 
in Nebraska. Frye and Leonard (1957) initially recognized these floral 
zones as strictly biostratigraphic zones and not as rock-stratigraphic 
units of the Ogallala Formation, but they later (1959) reversed this 
position and stated that "the well-preserved and generally numerous 
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fossil seeds in the Ogallala Formation can be arranged into three floral 
zones (Fig. 8) that are stratigraphically equivalent with the Valentine, 
Ash Hollow, and Kimball members of the Ogallala Formation of Kansas 
classification and with the Valentine, Ash Hollow and Sidney-Kimball 
Formations of Nebraska." This floral zonation was later maintained, with­
out modifications, by Frye and Leonard (1964) and Frye (1971). Schultz, 
Schultz, and Martin (1970) indicated that these floral zones agreed in 
general with faunal evidence and that, "The Valentine floral zone would 
be of Valentinian provincial age, the Ash Hollow floral zone would be 
of Clarendonian and Hemphillian ages, and the Kimball floral zone would 
be of Kimballian age." 
C. Floral Zones in Ellis and Rooks Counties, Kansas 
I am convinced, as others before me, that fossil "seeds" from the 
Tertiary sediments of the High Plains are one of the most important bio-
stratigraphic tools available. Preservation is generally detailed, and 
many fossils are readily identifiable with a common binocular microscope. 
Their widespread temporal and aereal distribution in these deposits is 
unequaled by any other group of fossils. Even the smallest outcrops 
frequently yield large numbers of fossil "seeds" in a large variety of 
taxa. The frequent associations of a number of taxa makes possible more 
accurate correlations of involved strata. The sediments in Ellis County 
contain numerous fossil "seeds" assignable to many taxa. From studies 
of seeds collected with strict stratigraphie control it is now possible 
to comment on their biostratigraphic significance. A new 
Fig. 8. Chart showing the floral zones of the Ogallala 
Formation (from Frye and Leonard, 1959, with 
permission of John C. Frye) 
74 
OGALLALA FORMATION 
VALENTINE 
FLORAL ZONE 
ASH HOLLOW 
FLORAL ZONE 
KIMBALL 
F. ZONE 
5 
Stipidiu 
Stipidium breve and 
Stipidium commune 
tipidium intermediu 
m variegotum and S. eto 
S. coloradense 
ProHthospermum jo 
Pan icum ell a s i 
. Panic am ete t Gf fit i S 
wiiHsfoni 
m 
ngatum 
hnstoni 
gans Krynitz kia coroni 
Celt is 
Bi.or 
Ber 
Berrich/oa 
bia fossifis and B. pa pi 
Berrichloa tuberculata 
rich too minuta and B. m 
amphoraHs and B. co 
Hosa 
axima 
nica 
75 
biostratigraphic zone is proposed and a stratotjrpe for this zone is des­
ignated. Nomenclature for this new biostratigraphic zone follows Ameri­
can Association of Petroleum Geologists (1961) and Hedberg (1972a, b). 
The name of the unit that I propose as new is the Prolithospermum 
iohnstonii-Nassella pohlii Assemblage-zone. The diagnostic fossils of 
this zone are Prolithospermum johnstonii Elias and Nassella pohlii sp. 
nov. Other fossils present in this zone are N. reynoldsii sp. nov., 
Panicum elegans Elias, Berriochloa minuta Elias, B. tuberculata Elias, 
B. maxima Elias, B. amphoralis Elias, B. variegatum (Elias) Thomasson, 
comb. nov. B. pumila sp. nov., Prolappula verrucosa, sp. nov., Cryptantha 
auriculata (Elias) Segal, Biorbia fossilia (Berry) Cockerell, Celtis 
willistonii (Cockerell) Berry. Included in this zone are the occurrences 
of giant land tortoises in the study area as well as the occurrences of 
"Daimonelix" (see discussion of "Daimonelix" in the systematic portion 
of this thesis). 
Tike stratotype, or specific sequence of rock strata on which the 
zone is established, is located at WL SW^^îW%NW% Sec. 3, T. 12 S., R. 20 
VÏ. Ellis Co. Kansas and includes those strata between 1.8 meters below 
the contact of bed 3 at site 9a and 1.0 meters above the base of bed 2 
(=bed 5, site 9a) at site 9b (Fig. 9 and Fig. 6. graphic sections 9a and 
9b). Reference sections are located at sites 8 and 39. The sequence of 
fossils in the new zone is shown diagrammatically in Fig. 9 and the zone 
is shown pictorially in Fig. 57. At least at the stratotype locality 
and others nearby, the P. johnstonii-N. pohlii Zone appears to be asso­
ciated with a distinct suite of lithologie units. At the base is a 
Fig. 9. Chart showing the stratigraphie position of fossil angiospenn anthoecia, 
nutlets, and endocarps at the stratotype locality of the Proltthospermum 
1ohnstonil-Naisella pohlii Assemblage Zone. Level of base of bed 5 at 
site 9b is identical with the level of the base of bed 5 at site 9a. P. 
johnstonii-N. pohlii zone includes sediments 1.8 m below the base of bed 
3 at site 9a through 1 m above the base of bed 5 (shown as bed 2 on Fig. 6, 
graphic section 9b, but equivalent to bed 5 at nearby site 9a) at site 9b. 
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coarse sandstone (locally gravel), the medial portions are predominantly 
reddish silts (locally fine sands) and the upper parts are characterized 
by conglomerates. At least two diatomaceous freshwater limestone de­
posits (marks) and a volcanic ash bed are included within this zone 
(Fig. 6, graphic sections 9a, 9b, 7, 8). 
The history of "seed" biostratigraphy in the Ogallala has been 
characterized by attempts to associate the floral zones with established 
lithostratigraphic units, when these rock units themselves were the 
subject of serious debates. The floral zones were frequently established 
on the basis of widely separated, often fragmentary collections of "seeds," 
and then correlations across great distances were made between rock-
stratigraphic units on the basis of these seeds. Eventually the floral 
zones were equated with the rock-stratigraphic units. 
Because of questions concerning what appeared to be a questionable 
interpretation of "seed" occurrences, I have reexamined the evidence on 
which the floral zones were established. This included a restudy of 
the collections of Elias and Leonard and the making of extensive new 
collections to "test" the established floral zones. I found no evidence 
to confirm the established zones, but as will be shown, seeds from Ellis 
County deposits occur in such a manner as to contradict significant 
parts of those. 
A comparison of the floral zones of the Ogallala of Elias (1942), 
(Fig. 7) Frye and Leonard (1959), (Fig. (8), and the newly established 
P. iohnstonii-N. pohlii Zone (Fig. 9) illustrates that past interpreta­
tions of the seeds in Ash Hollow or Kimball floral zones are no longer 
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tenable. Prolithospermtim johnstonii, considered to be the index fossil 
of the Kimball floral zone (Elias, 1942; Frye and Leonard, 1959) signif­
icantly overlaps in range a number of fossils diagnostic of the Ash 
Hollow floral zones. Frye and Leonard (1959) do not illustrate 
Cryptantha (Krynitzkia) auriculata, but indicate (p. 25) that this taxon 
is "restricted to the lower third of the Ash Hollow floral zone." Elias 
also considered this taxon as diagnostic of lower Ash Hollow deposits 
and in fact estab!Ished a Cryptantha (Krynitzkia) auriculata subzone. 
Clearly the position of Cryptantha auriculata with respect to 
Prolithospermum johnstonii in Ellis County deposits contradicts these 
previous interpretations. Likewise, the ranges of Panicum elegans and 
Berriochloa minuta in the Ellis County section do not agree with the con­
clusions of previous workers. Thus, the diagnostic fossils and their 
ranges in each zone are no longer representative of the known facts. I 
conclude that the Ash Hollow and Kimball floral zones as previously de­
scribed must be abandoned. While the present studies confirm that the 
Kimball and Ash Hollow floral zones do not exist, the seeds that have 
been found appear to combine the seeds of both zones with several sig­
nificant range extentlons. It might be argued that the designation Ash 
Hollow or Kimball should be retained then for any resulting single zone, 
but there is no compelling reason to do so. The retention of either 
designation would obscure the essential biostratigraphic nature of the 
zone being established. In addition, attempts to bring nomenclatorial 
stability to geology would suffer. 
While the present studies may contradict the findings of previous 
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authors we may not undervalue the painstaking and laborious effects of 
those who have helped to lay the foundations of our present knowledge 
of the High Plains Tertiary deposits. Widespread reconnaissance studies 
such as those conducted by Frye and Leonard have been and will continue 
to be as essential as the present detailed study if we are to eventually 
leamci the intricacies of the Tertiary deposits. Their studies for ex­
ample have dramatically extended the known geographic range of seed 
floras, including seeds recently reported for the first time from depos­
its in New Mexico (A. B. Leonard, University of Kansas, personal communi­
cation, July, 1976). One of the most important sites in my study area, 
site 9, was initially visited as a result of consulting a study by Frye, 
Leonard and Swineford (1956). 
For all these reasons, I have found it necessary to established the 
new zone. If seeds are to have maximum significance in the interpreta­
tion of late Tertiary deposits, they must be collected not only in wide­
spread reconnaissance studies but in large numbers and with strict 
stratigraphie control in restricted areas. Hopefully, this study will 
be a stimulus to such future studies. 
Galusha (1975) has called to question the credibility of some of 
the lower zones of Elias (1942). Since the sediments involved are much 
older than those in Ellis County, I cannot comment with any expertise on 
the findings of Galusha. A restudy of the seeds and their ranges in the 
involved deposits is needed. 
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VI. CCMPABATIVE STUDIES OF FOSSIL AND LIVING PLANTS 
A. Scanning Electron Microscopy 
1. Introduction. 
Within the last decade the ability to utilize micromorphological 
information concerning plant surfaces has developed remarkably. The ad­
vent of the scanning electron microscope, with its ability to resolve at 
great magnifications and to record even the finest surface details has 
made this possible, Taylor (1968), Taylor and Millay (1969), and Alvin 
(1970) have demonstrated the broad applicability of scanning electron 
microscopy to paleobotany. It is truly exciting potential when 
applied to macrofossils, such as leaves, (Alvin, 1970), and seeds 
(Huckerby, Marchant, and Oldfield, 1971; Wilson, Marchant, and Oldfield, 
1973) has been amply demonstrated. No longer must the taxonomist or 
paleobotanist be content with questionable interpretations of features 
not visible with the naked eye or the best light microscopy. Extremely 
complex epidermal patterns and structures which have in the past been 
examined only with light microscopy can now be interpreted in the light 
of extremely sharp SEM images possessing considerable depth of field 
and focus. The ease and convenience with which fossils can be prepared 
and critically examined for these small details will eventually make the 
use of the SEM commonplace in such applications. 
In recent years, the classification of extant grasses has been 
revolutionized by the introduction of microscopic characters of the in­
ternal and external anatomy of vegetative organs. The use of such 
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characters as the microscopic epidermal features proposed by Prat (1932, 
1936, 1960), along with some traditional ones of gross morphology, has 
made it possible to produce a system of classification with much higher 
phylogentic and predictive value than the traditional Hitchcock (1935) 
system. This revolution has also touched paleoagrostology as demon­
strated in studies by Weyland (1957), Ruffle (1963), and Litke (1968). 
With the increasing availability and ease of operation of modem scanning 
electron microscopes, studies of microscopic epidermal features in the 
Gramineae by this method are becoming increasingly common (Kaufman, P. B. 
et al., 1972; Baum and Hadland, 1973; Clark and Gould, 1975). To my 
knowledge, no previous attempts have been made to utilize the scanning 
electron microscope as an aid in elucidating the micrcmorphological 
features of fossil grasses. 
2. Fossil "seed" studies 
Scanning electron microscopy studies of fossil angiosperm "seeds" 
(used here in a borad sense to include such structures as anthoecia, 
achenes, nutlets, and endocarps) are relatively rare. Huckerby, Marchant 
and Oldfield (1971) utilized this method in identifying Pleistocene 
fossil seeds of Erica and Calluna (Ericaceae), and Wilson, Marchant and 
Oldfield (1973) were able to identify and compare fossil Erica seeds, 
convincingly placing them in extant species. 
Studies of the epidermal patterns on the fossil "seeds" from the 
High Plains Tertiary were initiated by me after apparent epidermal pat­
terns, appearing as regular minute striations, were noticed on a number 
of the fossils. The observation of these lines was not unique. As 
early as 1932, Elias had noticed similar faint striations on the lemmas 
and paleas of fossil Panician, Stipidiimi (Stipa in his report), and 
Berriochloa, and he had measured distances between the "striae" as he 
called them. He also noticed regular "cross connections between the 
striae", which undoubtedly represent the end walls of individual long 
cells. In addition to the patterns he observed on the grass fossils he 
also noted on the rugose surface of Biorbia (Boraginaceae) nutlets, "a 
very fine cellular structure." Photomicrographs of both the faint stri­
ations and cellular structure were provided by him (Elias, 1932; pl. 28, 
Figs. 4, 12, 15; pl. 29, Fig. 7), but they show no details of unques­
tionable cellular structure. 
During the initial phase of my seed studies, observations of the 
epidermal features were limited to those obtainable with light microscopy. 
Fragments of fossils were mounted in a suitable-médium and examined us­
ing standard light microscopy techniques. These early studies provided 
results indicating clearly defined epidermal patterns (Figs. 179, 203, 
242), but in many regards were equally frustrating because of the limited 
depth of field characteristic of light microscopy. In addition, many 
fossils were unsuitable in one way or another for observation in this 
manner and no methods were readily available for correcting these de­
ficiencies. 
As a result of these early studies and accompanying frustrations, 
I decided to apply the methods of scanning electron microscopy to these 
fossils. Almost immediately it became obvious that this method would 
be extremely rewarding, and a subsequent program to study systematically 
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as many of the involved taxa of fossils as possible was initiated. As 
part of this program I also decided, in selected cases, to examine 
modem equivalents of the fossils in a similar manner, and to use the 
results in a comparative manner with the ultimate objective of elucidat­
ing the phylogenetic relationships of the fossils. 
Specific details of the micromorphology obtained by SEM for individ­
ual taxa will be discussed in the systematic section of this paper. In 
the following section the results obtained will be summarized for each 
family. 
a. Gramineae Distinctive epidermal patterns were observed on 
the lemmas and paleas of all genera of fossil grasses examined. However, 
the detail observed on individual specimens varied from extremely poor 
or none to what can only be described as exquisite. Apparently the mode 
of preservation greatly influences the type of detail, although I am 
uncertain of the exact reasons for the disparity. At least in part, the 
amount of detail observed is due to the presence or absence of a fossil­
ized cuticle. If this is present, detail is obscured, or only a "shadow" 
of the underlying epidermal patterns is observed in areas where it is 
present, while the epidermal cells themselves are exposed where the 
cuticle is absent (Figs. 215, 220, 222, 238). Attempts to remove this 
cuticle chemically were successful (Figs. 197, 198, 200), but the result­
ing epidermal pattern must be interpreted with caution. Possibly the 
use of an ultrasonic device might remove the cuticle, but I have not 
attempted this method. 
Within the genus Berriochloa, long cells, prominent hooks, and 
hairs have been observed. The pattern is predominantly one of long 
cells. These walls are always sinuous ("rippled") with well-developed 
lobes. These lobes vary among taxa and, within limits, on individual 
specimens. The lobes may be predominantly simple, as in B. amphoralis 
(Figs. 165, 167), B. conica (Figs. 196-172), B. minuta (Figs. 184-187), 
and B. primaeva (Figs. 201-204); or compound as in B. maxima (Figs. 176-
179), B. brevis (Figs. 229-231), and B. inflata (Fig. 173). Within the 
simple types the tips of the lobes may be expanded and broader than the 
base, with a constricted neck (Figs. 185, 186). The tips may also be 
only slightly or not at all expanded and terminate in an obtuse (Fig. 
184) or acute apex (Figs. 201-204). If the lobes are compound the 
lobules may regularly dichotomize (Fig. 174) or they may arise irregularly. 
The lobes, whether simple or compound may be longer than the width of 
the central body area of the long cell (FigSc 230, 231), shorter (Fig. 
177), or or about the same width (Figs. 169, 170, 185). 
Hooks (see Metcalfe, 1960) are frequently seen on species of 
Berriochloa. The hooks are broad at the base and terminate in a curved 
point (Figs. 199, 210). Where the hooks occur, the long cells develop 
massive lobes which buttress the hooks (Figs. 229-231, 245-247). As 
many as six and as few as three of these "buttress" lobes have been seen 
to surround a single hook. Hooks frequently grade into longer structures 
towards the summit of the lemma (Figs. 232, 233) which might be termed 
large prickles (Metcalfe, 1960; pi. VI, Fig. 2). 
Hairs observed on the lemma and callus of some specimens of 
Berriochloa (Figs. 209-212) are long and terminate in a sharp point. 
Apparently these hairs were stiff in the living plants, since as pre­
served on the fossils, they are always perfectly straight. They were 
apparently not surrounded by any specialized cells, but rather by lobes 
of the long cells (Fig. 215). When these hairs are removed, the surface 
of the lemma commonly appears pitted (Fig. 214). 
Features of the palea in Berriochloa are similar to those of the 
lemma (Figs. 208, 245). Long cells, hooks and hairs were variously ob­
served. Short cells were not observed on any of the species of 
Berriochloa. 
Ânthoecia of genus Nassella have a pattern of epidermal cells which 
differs radically from that of Berriochloa. In Nassella the basic long 
cells have been strikingly reduced in length, although they still re­
tain the ripple walls common to many long cells (Figs. 255, 256). Num­
erous cells that apparently represent silica and suberin cells (silica-
suberin couples) are also present. The silica cells are indistinguish­
able from the suberin cells except by shape. In fossil Nassella 
reynoldsii the difference is well marked, the silica cells being nearly 
ovate, while the suberin cells are crescent shaped (see Kaufman et al., 
1970, Fig. 14 for an excellent illustration of a silica-suberin couple 
in an extant grass). The distinction between the members of the pair 
also seems fairly obvious in N. fryeleonardii (Fig. 260), although the 
silica cell tends to be more hemispherical than ovate and frequently is 
elongated. When this occurs it may not be possible to distinguish the 
silica cells from the suberin cells. Such a situation is illustrated by 
N. pohlii (Fig. 255). 
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Hooks are present on the lemmas of N. amphora, N. reynoldsii and 
N. fryeleonardii (Figs, 257, 263, 268). These are very similar to those 
on species of Berriochloa and offer no distinction between the two 
genera. Hairs were not observed on any of the fossil species of Nassella. 
The only other grass genus found preserved as fossils was Panicum. 
The microfeatures were well-preserved on both the lemma and palea, and 
consisted of long cells and papillae. The long cells found preserved 
on both the lemma and palea were very similar. They are basic long 
cells with sinuous "ripple" walls and well-developed lobes (Figs. 272, 
273, 280). This pattern is similar to the pattern of long cells in 
Berriochloa. No short cells were obseirved, but papillae were present 
on the upper half of the palea (Figs. 278, 279) and on the lower edges 
of the lemma near the germination lid (Fig. 276). The papillae are 
simple rounded structures and are almost identical with those illustrated 
by Clark and Gould (1975) in scaa modem Panicum species. The papillae 
at the base of the lemma were irregularly arranged but those of the 
palea were in distinct rows (Fig. 279). 
b. Cyperaceae Only a single fossil genus with a single species 
has been examined by scanning electron microscopy during this study. 
Excellent patterns of epidermal cells were revealed. 
The pattern observed on Eleofimbris achenes consists entirely of 
approximately rectangular cells whose long axis are oricated vertically. 
The walls of the cells are weakly undulate and the central body of the 
cells are concave (Figs. 283-287). Nodules or buttresses, as described 
for some Cyperaceae by Schuyler (1971) were not observed on the fossils. 
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c. Boraginaceae Representatives of five fossil genera of the 
Boraeinaceae, Biorbia, Cryptantha, Eliasiana, Prolappula, and Prolitho-
spermtm were examined. 
Although epidermal patterns were observed on many of the fossils, 
the patterns were often obscured by a fossilized cuticle. A similar prob­
lem was noted previously in Berriochloa. However, by searching specimens 
it was possible to find areas where this cuticle was absent, revealing 
the underlying patterns (Figs. 292, 293). In addition to the epidermal 
patterns, some fossils possessed tubercles (nodules), tubercles with sec­
ondary protuberances, barbed hairs, and broad-based prickles (aculeae) 
with secondary protuberances (see Murley, 1951, for descriptive terminol­
ogy of surfaces). 
Nutlets of the genus Biorbia exhibit a pattern of irregularly ar­
ranged epidermal cells. These frequently, but not always, have a long 
axis. The cell vails are sinuous vith we 11-developed lobes which are of 
a simple type (Fig. 318). If the body of the epidermal cells "collapsed" 
during or after fossilization, a honeycomb pattern apparently represents 
the previous position of an epidermal cell (Figs. 316, 317). Such "psue-
doepidermal" patterns must be interpreted with caution. Ridges, which 
might be coalesced nodules, may be well-developed (Fig. 314) or absent 
(Fig. 315). 
The genus Cryptantha has nutlets which are characterized by a pat­
tern of irregularly and lobed epidermal cells. The lobes are very well-
developed and may be simple or compound (Fig. 295). In addition, the 
surface of the nutlets may be characterized by protuberances which are 
rounded at the apex (Figs. 292, 296). These have been previously 
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referred to in the literature as tubercles (nodules). No pattern was 
observed in the arrangement of these tubercles on the surface. Frequently 
these tubercles are absent. Very strongly produced and large protuber­
ances present on the margin of the nutlets are termed wings or auricles 
(Fig. 295). 
No epidermal pattern was observed in the newly described genus 
Eliasiana. However, the surface of the nutlets was characterized by an 
abundance of short prickles (aculeae). The prickles were randomly dis-
spersed on the main body of the nutlet, but are arranged in distinct rows 
on the neck of the basal scar of attachment (Figs. 303-305). Apparently 
a cuticle obscures any epidermal pattern present. This cuticle was only 
rarely absent (Fig. 304). 
Within the genus Prolappula, no epidermal patterns were observed. 
However, tubercles with secondary protuberances, barbs, and broad-based, 
elongated prickles with secondary pustules were noted. Tubercles were 
randomly dispersed on the surface of the nutlets. These were always 
more or less bulbous and had secondary protuberances that were cylindri­
cal in shape. Scattered among the tubercles were broad-based, erect, 
elongated prickles which are pointed toward the apex (Fig. 323). These 
prickles were themselves secondarily beset with protuberances which 
appear as pustules. At the margin of the nutlets were found barbed hairs. 
These can be simple (Fig. 321) or compound (Fig. 322). Small protuber­
ances were observed on the stalk of the barbs. 
The final genus studied in the Boraginaceae was the genus 
Prolithospermum. A well-developed epidermal pattern of randomly 
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arranged cells was observed. The cells possessed simple lobes which 
were often abruptly angled (Figs. 309, 310). Complex pseudoepidermal 
patterns which I interpret as the result of corrosion (? solution) were 
also observed on some specimens (Figs. 312, 313). Ridges similar to 
those in Biorbia were sometimes present. No tubercles or other pro­
tuberances were seen. 
3. Studies of modem "seeds" 
Clarification of the phylogentic relationships within living groups 
related to the fossils is essential if the fossils are to be related to 
the living taxa. Unfortunately, there is a lack of overall studies of 
those characteristics of living taxa which are most frequently found 
preserved on the fossils. Since the Gramineae had been selected for 
special emphasis in the study, I decided to study in considerable detail 
the anthoecia of species of the living genera that had been most closely 
related in the literature to the fossils, Piptochaetium and Nassella. 
Unfortunately, it was not until late in this study that the genus Stipa 
was determined to be as significant as the latter genera in the phylogeny 
of the fossil and living Stipeae. In addition to living grasses, the 
nutlets of some living species of the Boraginaceae were briefly investi­
gated. 
The genus Piptochaetium is a widespread genus of western hemisphere 
grasses distributed from Massachusetts to Argentina. It is character­
ized by extreme variability in the form of the anthoecia, but is united 
by a characteristic palea, leaf anatomy, and lemmatal epidermis. Of 
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related living genera, Stipa and Oryzopsis most closely approach 
Piptochaetium but are quite distinct. 
In his original description of the genus Piptochaetium, Presl (1830) 
clearly included one of the diagnostic characters of this genus, the 
keeled palea with a medial furrow into which the lemma margins lock 
(Figs. 68, 69). Of the palea he said in his generic description, "Palea 
superior ovata carinata tenuis cucullata acuta, apice bisetosa," and 
later in his description of the type species Piptochaetium setifolium 
added, "Palea superior inclusa ovata, cartilaginea, carinata, carina 
canaliculata." He also provided an illustration (1830, Tab. XXXVII, 
Fig. 3) which clearly showed the characteristic grooved palea. Trinius 
and Ruprecht (1849) later reduced Piptochaetium to a section in their 
genus Urachne, failing to interpret the palea correctly and, in fact, 
thought the keels were part of the back of the anthoecium, "Flosculi 
obovati, hinc gibbi, a lateribus quidpiam compressi, dorso bicarinati. 
..." They also transferred certain species of Piptochaetium with a 
long sharp callus to the genus Stipa. Desvaux (1853) recognized the 
keeled palea as diagnostic of Piptochaetium in his studies of Chilean 
floras, "palleta superior , . . , de dorso ccrisceo, bicarenado, a-
huecado por un surco entre las dos carenas," and concluded that, "el 
principal caracter de este genero, tal como yo lo limito, reside en la 
forma de la palleta superior." 
Much later, Bentham (1882) incorrectly included Piptochaetium in 
his section Euroryzopsis in the genus Oryzopsis. There is no evidence 
that he recognized the nature of the palea. Hackel (1890) recognized 
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the generic status of Piptochaetium, as well as the true nature of the 
palea. Of the palea he said, "Palea coriaceous, two keeled, with a deep 
furrow between the keels." He used this character only to separate 
Piptochaetium from Nassella, using the width of the palea and nature of 
the awn to distinguish Stipa and Oryzopsis from Piptochaetium. 
Spegazzini also recognized the true nature of the palea in Piptochaetium 
but confused this genus with Oryzopsis (Parodi, 1944). 
In 1944 Parodi monographed the South American species of Piptochaetium 
and commented briefly on North American species. His study included in­
vestigations of the gross morphology of the vegetative plants parts and 
the anthoecia, as well as the leaf anatomy. He concluded that: 
Piptochaetium se distingue facilmente de aquellos (Stipa. 
Nassella, Oryzopsis, Aristida, Milium, Aciachne) por el 
antecio ordinariamente obovado, fusiforme o cilindraco, 
castano-oscuro, con la palea navicular, binervada, longitudinal-
mente surcada, terminada en pvmta aguda que sobresale al lado 
de la corona, y por la anatomia foliar inconfundible. 
Stipa avenacea L. and S^, virescens, both Central or North American forms, 
were correctly recognized as species of Piptochaetium. Later studies 
by Parodi and Freier (1947) confirmed these findings saying, "Que 
Piptochaetium es un genero natural bien diferente de Stipa con el que 
presenta formas convergentes notablemente semejantes, pero bien distintas 
por su anatomia foliar y estructura de los antecios." 
Most recently, Valencia and Costas (1968) published a cytotaxoncmic 
study of the genus Piptochaetium and concluded that on cytological and 
morphological grounds Piptochaetium forms "un grupo extremadamente 
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homogeneo y dîstintamente separado de Stipa y Oryzopsis." I present the 
following key based on my studies. 
Key to the Central and North American 
Species of Piptochaetium based on 
Anthoecial Characters 
1. Surface of lemma various, but always evidently clothed with hairs 
2. lemma surface with hooks and hairs; groove of palea with well-
developed hooks 
3. Anthoecia excluding callus 2.9-3.2 mm long 
4. Anthoecia 2.9-3.2 mm long; obovate; neck and shoulder 
distinctly developed; depth 1.1-1.2 mm .... P. seleri 
4. Anthoecia 3.5-4.3 mm long; oblong; neck and shoulder 
not distinct; depth 0.9-1.0 mm ... . P. angustifolium 
3. Anthoecia excluding callus 6.6-713 = long ... P. pringlei 
(hooked form) 
2. Lemma surface without hooks, hairs present; groove of palea 
smooth or with hairs. 
5, Anthoecia excluding callus 3.2-4.5 mm long 
P. fimbriatum 
5. Anthoecia excluding callus 6.5-8.5 mm long 
P. pringlei 
(smooth form) 
1. Surface of lemma with hooks or smooth, never with hairs excep. 
on the callus 
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6. Lemma surface smooth; groove of palea smooth ... P. brevicalyx 
6. Lemma surface with hooks at least in the upper 1/3 
7. Anthoecia excluding callus 2.3-3.5 mm long; obovate; 
callus blunt; hooks present on lemma surface except 
near the very base P. uruguense 
7. Anthoecia excluding callus 6.2-16.1 mm long; 
cylindrical; callus sharp; hooks present only on 
upper 1/3 of lemma 
8. Anthoecia 10.4-16.1 mm long; distribution ex­
clusively penisular Florida P. avenaceoides 
8. Anthoecia 6.2-7.5 mm long; distribution: 
Michigan east to Massachusetts, south to 
Florida and west to Texas P. avenaceum 
The nature of callus has been used to separate the genus 
Piptochaetium into sections (Parodi, 1944; Valencia and Costas, 1968), 
although there are intermediate forms. Thus, while forms such as P. 
avenaceoides (Fig. 87), with a sharp callus may be readily placed in a 
section Podopogon and P. uruguense (Fig. 119) with a blunt callus in 
section Eupiptochaetium, forms such as P. pringlei are intermediate. 
Both P. avenaceum and P. uruguense are diploids while P. pringlei is a 
polyploid (Valencia and Costas, 1968). 
The presence of a grooved and keeled palea in all South and North 
American Piptochaetium is clearly demonstrated from the study of their 
anthoecia. This groove is not merely a depression but rather a distinct 
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morphological structure which is undoubtedly genetically determined. 
Distinct ridges and grooves, as developed on the lemma of many species 
of Piptochaetium, occur within the palea groove. The keels on either 
side of the groove are distinctly raised areas of tissue (Fig. 69). This 
contrasts with Stipa, (Fig. 66) the genus most readily confused with 
Piptochaetium, where the shapes of the anthoecia are sometimes conver­
gent with Piptochaetium. Stipa does not develop the characteristic 
grooved and keeled palea. 
The tip of the palea in all species of Piptochaetium examined, in­
cluding those not illustrated, is characterized by a prow whose apex is 
generally exserted from the lemma (Figs. 89, 115). It is variously 
smooth, hooked, setose, or minutely hairy. 
The nature of the surface features in species of Piptochaetium 
varies widely and often diagnostically. For example, in P. montevidense 
the tubercles are well raised above the grooves and are oblong (Figs. 126, 
127). Parodi (1944) has previously noted that the short broad anthoecia 
with a blunt callus were probably distributed in the feces of grazing 
animals. The fact that the anthoecia of P. montevidense lack points is 
probably best interpreted as an adaption that prevents injury to the 
digestive tracts of the animals which ingest and distribute them. The 
rough surface would assist rapid movement in the digestive tracts. In 
many other species, hairs or hooks commonly occur (Figs. 75, 78, 83, 
96, 101, 105, 106, 110, 111, 116, 121, 122). As noted in light micro­
scopy studies the surface of the lemma is characterized by a system of 
minute ridges and grooves which may or may not be obviously expressed. 
96 
In species where the lemma surface lacks evident and grooves, they are 
usually observable on the margins of the palea (Fig. 103). 
The history and relationships of the genus Nassella are discussed 
in the systematic portion of this paper. I present the following key 
based on my studies. 
Key to the Living Species of Nassella 
based on Characters of the 
Anthoecia 
1. Depth of anthoecia greater than 3/4 the length 
2. Surface of lemma with hooks absent or restricted to 
the back N. exserta var. 
2. Surface of lemma with abundant hooks 
N. exserta var. asperata 
1. Depth of anthoecia less than 1/2 the length 
3. Anthoecia with a well-developed neck; lenma surface with 
abundant hooks; awn persistent N. trichotcma 
3. Neck absent or poorly defined; lemma surface smooth or 
hairy, never with hooks; awn readily deciduous 
4. Sussnlt of lesHH-s with & distinct honeycombed texture 
5. Surface of lemma smooth N. meyeniana 
5. Surface of lemma pubescent 
6. Anthoecia turbinate 1.8-2,4 mm long 
N. pubiflora 
6. Anthoecia cylindrical 2,7-3.0 mm 
long N. linearifolia 
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4. Summit of lemma not of a different texture than 
the body of the lemma 
7. Surface of lemma smooth 
8. Awn scar distinctly eccentric 
N. chilensis 
8. Awn scar centric N. iuncea 
7. Surface of lemma pubescent 
9. Length of anthoecia 1.5-1.6 mm ... 
N. humilis 
9. Length of anthoecia 1.8-2.5 mm 
10. Awn densely pilose in lower 
half N. johnstonii 
10. Awn pubescent, but not pilose 
in lower half . . . N. pungens 
In all species of Nassella examined, the palea, if present, was 
ccmpletely concealed by the overlapping margins of the lemma. The palea 
itself is greatly reduced and was not examined in any detail during the 
course of this study. 
The surface of the lemma, as noted elsewhere, is characterized by 
the presence of specialized long cells and short cells in distinct 
vertical rows. This was also observed in the scanning electron micros­
copy phase of this study. In addition the lemna variously has hairs and 
hooks. 
The summit of the lemma is peculiarly developed in N. meyeniana 
(Figs 153-155), N. pubiflora (Fig. 157) and N. linearifolia (not 
98 
illustrated). A reticulate or honeycombed texture develops and as a 
result the sunmit is distinct in texture from the body of the lemma 
(Fig. 154). The significance of this is not known. 
In N. trichotoma a neck is well-developed, although a tendency to 
do so is also expressed by other species. This may eventually prove to 
be a characteristic of slight significance. 
Examination of the species usually assigned to Nassella has convinced 
me that several species now assigned to Stipa probably belong in Nassella. 
Among these are Stipa tenuissima Trin., S^ , sauluisensis Speg., and S^ . 
pampeana. 
B. Light Microscopy of Lemma Epidermis 
1. Introduction 
Although the epidermal characteristics of grass leaves have been 
widely studied and utilized in part in the establishment of a more natural 
system of classification of the Gramineae, the same cannot be said of the 
spikelet and floret bracts; i.e., glumes, lemma and palea. A brief 
suirvey of previous studies of the epidermal characteristics is desirable 
and serves to demonstrate the scarcity of such studies. 
Hohnel (1875) was apparently the first to demonstrate the ncture of 
the epidermal cells of the "Bluthenspelzen." Although his study was 
primarily anatomical and not taxonomic, he did nevertheless demonstrate 
the variable nature of the cells of the epidermis of the glumes, lemmas, 
and paleas, describing in some detail a single species from each of the 
following twelve genera: Oryza, Leersia, Setaria, Panicvm. Sorghum. 
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Avena, Tritlcxm, Hordeum. Bromus, Secale, Lolixim, and Phalaris. Of these, 
Oryza possessed the most complex epidermal characteristics, Phalaris the 
simplest. None of the characteristics were taken up for generic diagno­
sis, but Hohnel did recognize similarities such as those found between 
Setarla and Panicum. 
Following Hohnel, several authors made brief mention of lemma epi­
dermal features (Juliano, 1937; Jacques-Felix, 1955), but Bjorkman (1960), 
studying the lemmas of Agrostis and closely related genera, appears to 
be the next work of any significance. He concluded that the species 
with a minute palea all appear to have a peculiar pattern on the lemma 
epidermis, the "Trichodiumnet". 
More recently, Hsu (1965) has published a significant paper on the 
classification of Panicum and its allies, making special reference 
in a section to the epidermis of the lemma. He concluded that the epi­
dermal characteristics of the lemma are good criteria for delimiting 
genera of the tribe Paniceae, and in classifying the genus Panicum he 
makes special mention of the lemmatal features characteristic to members 
of the sections comprising this genus. 
Among the fossils collected and studied, those of the Stipeae, 
Berriochloa and Nassella, are most frequent. Because of this fact, it 
was decided to examine most closely a number of species of related living 
genera. Among the genera studied were Stipa. Piptochaetium, Oryzopsis, 
and Nassella. In addition, several species of the genus Arlstida were 
studied since some members of this genus approach species of Stipa in 
the form of their anthoecia, but are distinct on other grounds. 
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Unlike fossils, the living forms are not readily studied by scan­
ning electron microscopy. The presence of a thick cuticle obscures under­
lying epidermal patterns and no completely successful method has been 
attained for remedying this. Fortunately, light microscopy worked quite 
well in achieving what scanning electron microscopy could not. Results 
are presented in the form of line drawings rather than photographs so 
that tissues underlying the lemmatal epidermis do not obscure the essen­
tials of the patterns. 
2. Results 
The results of my light microscopy studies of the epidermal patterns 
exhibited by selected modem grasses were particularly significant. Not 
only did the various grasses exhibit striking dissimilarities in their 
patterns, but the distinctions appear to be important as diagnostic 
characters generically. When correlated with the results of scanning 
electron microscopy of fossil grasses, at least some of the patterns can 
be shown to have existed for a considerable length of geologic time. As 
a result of this previously unknown information, it is possible to draw 
more clearly the generic limits of living genera. 
A number of species of the genus Piptochaetium were examined. Of 
these, Piptochaetium stipoides (Trin. and Rupr.) Hackel (Fig. 10), P. 
grisebachii (Speg.) Herter (Fig. 15), P. napostaense (Speg.) Hack. 
(Fig. 16), P. lejpodim (Speg.) Henr. (Fig. 17), and P. hackelii (Arech.) 
Parodi (Fig. 18) are exclusively South American while P. avenaceoides 
(L.) Valancia and Costas (Fig. 11), P. avenaceum (L.) Parodi (Fig. 14), 
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p. virescens (H.B.K.) Parodi (Fig. 13), P. seleri (pilger) Henr. (Fig. 
12), P. brevicalyx (Fourn.) Ricker (Fig. 21), P. fimbriatum (H.B.K.) 
Hitchc. (Fig. 22), and P. pringleii (Beal) Parodi (smooth. Fig. 20) and 
(tuberculate. Fig. 19) forms are Central and North American. 
Many species of Piptochaetixan appear to possess ridges and grooves 
upon gross examination of the lemma under a binocular microscope. Al­
though this characteristic appears most strongly developed on certain 
South American species, it is also present on some North American 
species. This pattern of ridges and grooves might be called the 
Piptochaetiun type. In addition to this characteristic, species of 
both North and South America possess various hooks, tubercles and 
hairs. 
The pattern of ridges and grooves proved, upon examination of sev­
eral species, to be the result of a unique development of the long cells. 
Each long cell has well-developed lobes. The walls of these lobes are 
strongly developed (? lignified) and as a result project above the level 
of the central body of the cell (Fig. 10). Individual cells interlock 
and are aligned in vertical rows on the lemma. As a result, a distinct 
system of ridges and grooves emerges. Viewed from above at different 
levels of focus, somewhat different but readily interpretable patterns 
appear. At the highest level the walls appear to fuse, resulting in a 
pattern of triangular to pentagonal lobes each with a central slot. At 
a lower focus, however, the true nature of the cells can be realized. 
The tips of the lobes are distinctly acute. 
The characteristic ridges and grooves are most strongly developed 
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Fig. 12. P. seleri Fig. 13. P. virescens Fig. 14. P. avenaceum 
Figs. 10-14. Epidermal patterns on the lemma of Piptochaetium spp. 
All figures X340 
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Fig. 15. P. grisebachii Fig. 16. P. napostaense 
Fig. 17. P. lelopodum Fig. 18. P. hackelii 
Figs. 15-18. Epidermal patterns on the lemma of Piptochaetium 
spp. All figures X340 
Fig. 20. P. pringleii 
(smooth form) 
Fig. 21. P. brevicalyx Fig. 22. P. fimbriatum 
Figs. 19-22. Epidermal patterns on the lemma of Piptochaetium 
spp. All figures X340 
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in certain South American species. In certain of these, such as P. 
grisebachii (Fig. 15), there is a significant reduction of the nmber of 
lobes per cell so that rarely more than one lobe of each lateral wall 
is present. P. hackelii with less developed, but evident ridges and 
grooves, has on the other hand rarely less than two and frequently three 
lobes per lateral wall of the long cells. In most North American forms, 
and a few South American, a quite different situation exists. The number 
of lobes per lateral wall increases dramatically, until in P. avenaceoides 
there are rarely less than three and frequently five to as many as seven 
on each lateral wall. 
At first glance, species such as P. fimbriatum and P. brevicalyx 
appear to lack the characteristic ridges and grooves, and in fact they 
do. Nevertheless, light microscopic examination of these species shows 
that just as in other species of Piptochaetium, the wall of these latter 
species are thickened, but the thickening is not localized in the walls 
of the lobes. As a result, no ridges or grooves develop, but rather 
the cells "close over" and a perfectly smooth surface is developed. It 
should be noted also that in all species,of Piptochaetium the transverse 
(end) walls are never lobed. 
On many species of Piptochaetium, hooks are developed. These 
always occur at the end walls of long cells and are often best developed 
towards the summit of the lemma. No short cells were observed on any 
of the species. 
The species of Stipa examined were marked by their variability. 
Significantly, even though only thirteen species were examined, they 
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could be assigned to four very distinctive epidermal patterns. These 
are the Stlpa coroata Trin. and Rupr. type, the S^. capillata L. type, the 
§•• robusta (Vasey) Scribn. type and the Nassella pungens E. Desvaux type. 
The "Stipa comata type" (Fig. 30) is characterized by we11-developed 
long cells with sinuous walls. Lobes are well-developed and predominantly 
simple. End walls often have well-developed lobes. The resulting 
pattern is very distinct. Species included here include Stipa 
comata, S_. spartea Trin. and S_. neomexicana (Thurb.) Scribn. These 
three species also have a very distinct and we11-developed prow at the 
apex of the palea (Fig. 65). 
The Stipa capillata type consists of vertical rows of rectangular 
to square long cells with very shallowly sinuous walls. Lobes are very 
weak and give the walls a serrate appearance. Long cells alternate 
regularly with hooks. These hooks are very distinct in their always 
rectangular to square shape. Short cells may be present which normally 
consist of silica-suberin couples. Species examined which belong here 
are S^ . pennata and S^ . capillata L., both natives of Europe (Figs. 28, 29). 
The Stipa robusta type differs dramatically from the two previ­
ous types. Long cells have been reduced considerably and the pattern 
is now characterized by an abundance of short cells. Both occur in dis­
tinct vertical rows. Especially obvious are the silica bodies, although 
crescent-shaped suberin cells are sometimes seen. Scattered hooks are 
present on some species. Species that belong here include Stipa elmeri 
Piper and Brodie ex Scribn. (Fig. 36), latiglumis Swallen (Fig. 37), 
S. Ipmnionii (Vasey) Scribn. (Fig. 38), S_. richardsonii Link (Fig. 32), 
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S» viridula Trin, (Fig. 33), S^. robusta (Vasey) Scribn. (Fig. 34), S_. 
Columbiana Macoun., S_. ichu (Ruiz. & Pav.) Kunth (Fig. 35), Oryzopsis 
bloomeri (Boland.) Ricker, and 0. hymenoides (R. & S.) Ricker (Fig. 43). 
The fourth pattern noticed in my study of the species of Stipa is 
actually a pattern which I have designated elsewhere as the Nassella 
pungens type. Species of Stipa which possess this type of epidermal 
pattern include S^. sanluisensis Spegazzini (Fig. 40), £. pulchra Hitchc., 
S^ . leucotricha Trin and Rupr. (Fig. 39), S^ . pampanea Speg. and S^ . 
tenuissima Trin. 
The species of the genus Oryzopsis that were studied were very vari­
able. Most were characterized by an abundance of silica bodies or 
silica-suberin couples, but not in the proportion as food in the Stipa 
robusta type. Long cells were not usually reduced greatly in length 
but if partially modified, as in Oryzopsis hymenoides (Roem. and Schult.) 
Ricker they were not arranged in distinct vertical rows. Species of 
Oryzopsis examined included 0^. hymenoides (Fig. 43), 0. racemosa (J. E. 
Smith) Ricker (Fig. 41), 0. exigua Thurb., 0. micrantha (Trin. and 
Rupr.) Thurb., 0. coerulescens (Desf.) Hack., and 0. asperifolia Michx. 
(Fig. 42). Of these, all have a basic pattern similar to 0. racemosa, 
with 0. hymenoides and 0. asperifolia being the most dissimilar from all 
the rest. Even then the patterns that exist are distinctive. The basic 
pattern exhibited by 0. racemosa I designate the Oryzopsis racemosa 
type. Because of the modified nature of the cells of 0. hymenoides, 
and abundant silica bodies, I provisionally place this species as a 
modified form of the Stipa robusta type. 
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The genus Nassella has an epidermal pattern characterized by highly 
modified long cells. The long cells are greatly reduced in length, but 
are recognizable by the "ripple" nature of their wall. Silica cells, if 
present at all, are rare and usually discernible only on the basis of 
shape. Suberin cells also appear to be present but are distinguished 
only by their crescent-shaped nature. Hooks may or may not be present. 
This highly distinctive epidermal pattern is designated as the Nassella 
pungens type. Grass species examined which' belong here include N. 
iohnstonii (Fig. 27), N. pungens E. Desvaux (Fig. 23), N. humilis Philippi 
(Fig. 25), N. pubiflora (Trin. & Rupr.) E. Desvaux, N. meyeniana (Trin. 
& Rupr.) Parodi, N. fuseescens Philippi, N. chilensis (Trinius) E. 
Desvaux, N. exserta Philippi, and N. juncea Philippi, N. trichotoma 
(Nees) Hackel (Figs. 26, 70), and N. linearifolia (Foum.) Pohl (Fig. 
24). As noted previously, several species of grasses presently included 
in Stipa possess this epidermal pattern. 
Finally, several species of Aristida were examined, because some 
species have been confused with species of Stipa. The epidermal pattern 
of all species of Aristida examined were basically very similar and quite 
distinct from all genera of the Stipeae which were examined. 
The Aristida longiseta type (Fig. 47) is characterized by long 
cells which are distinctly enlarged at one end. This "hammer-head" 
pattern, though slightly modified, was seen in A. temipes Cav. (Fig. 
46), A. capillacea Lam. (Fig. 44), and A. basiramea Engelm. (Fig. 45), 
A. iorullensis Kunth. Almost as distinctive in some species as the 
long cells were apparent silica bodies which were of a "double-homed" 
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N. humilis 
Fig. 27. N. iohnstonii 
Figs. 23-27. Epidermal patterns on the lemma of Nassella spp. 
All figures X340 
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Fig. 28. S. capillata 
Fig. 29. S_- pennata 
Fig. 30. S. comata Fig. 31. 2" neomexicana 
Figs. 28-31. Epidermal patterns on the lemma of Stipa spp. 
All figures X340 
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Fig. 32. S^. richardsonii Fig. 33. S^. viridula 
Fig. 34. S. robusta Fig. 35. S. ichu 
Figs. 32-35. Epidermal patterns on the lemma of Stipa 
spp. All figures X340 
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Fig. 39. S. leucotricha Fig. 40. S. sanluisensis 
Figs. 36-40. Epidermal patterns on the lemma of Stipa spp. 
All figures X340 
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g. 41. 0. racemosa Fig. 42. 0. asperifolia 
Fig. 43. 0. hymenoides 
Figs. 41-43. Epidermal patterns on the lemma of Oryzopsis 
spp. All figurees X340 
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Fig. 46. A. ternipes Fig. 47. A. longiseta 
Figs. 44-47. Epidermal patterns on the lemma of Aristida spp. 
All figures X340 
115 
nature (Fig. 47). The "double-homed" silica bodies are evident only 
at the highest magnification. Only a "nucleus" appears at a focus level 
below that at which the "hammer-head" nature of the long cells becomes 
apparent, 
C. Significance of Scanning Electron and Light Microscopy 
Studies to the Phylogeny of Fossil and Living Stipeae 
The phylogenetic relationships among the fossil and living Gramineae 
studied, and especially in the Stipeae, have become clearer as this 
study has progressed. Therefore it is now appropriate to comment on 
those relationships and to attempt to draw past and present generic 
limits which have been elucidated. 
While Elias (1942, 1946) emphasized the relationships of Berriochloa 
from the High Plains to the genus Piptochaetium, he nevertheless recog­
nized affinities of Berriochloa to Stipa. He (1942) established a new 
section of the genus Stipa, Hesperostipa, based on the fossils and liv­
ing species. Stebbins (1947) discussed the fossils and their related 
modem forms, relating the fossils primarily to the genus Piptochaetium. 
However in the same paper he noted that "Stipa comata and S. spartea 
... may well be allopolyploids which have for one parent one of the 
'Stipidium' species of the Pliocene flora." Unfortunately he later 
(1975) apparently revised this belief, considering S. coma ta and S_. 
spartea to be Pleistocene migrants into North America. Williams (1975) 
has completely excluded the large and complex genus Stipa from considera­
tion in the relationships of the fossils with modem taxa, a proposal 
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which must be rejected as being too simplistic. 
The genus Berriochloa has many anthoecial forms which are remark­
ably like those of the modem genus Piptochaetium, Thus it is not sur­
prising that previous authors have readily interpreted the genus as the 
direct ancestor of modem Piptochaetium. However, the shape of the 
anthoecia alone does not constitute sufficient evidence to support this 
assertion without intermediate ancestors. This is true for a number of 
reasons. 
Species of the Piptochaetium. as has been clearly revealed in my 
studies, possess a characteristic grooved palea as well as a diagnostic 
lemmatal epidermal pattern. I have examined thousands of specimens of 
Berriochloa, and have never seen one with a distinctive grooved and keeled 
palea as found in Piptochaetium. Like Elias (1942), I have seen some 
Stipa, as well as some Berriochloa, with a medial depression in the 
palea, but never a groove. The groove and keels in Piptochaetium are 
not made "in the palea by the mutual pressure of the lemma and endosperm," 
as thought by Clements (personal communication to Elias, 1934), but 
rather are genetically determined. Almost equally diagnostic of the 
genus Piptochaetium is the system of lemma grooves and ridges created 
by the specialized epidermal cells. Again none of fossils examined 
have this characteristic. In fact the epidermal patterns of most species 
of Berriochloa are strikingly similar to species of Stipa of the section 
Hesperostipa Elias, which contains the common North American species 
S. comata, spartea. and neomexicana. Finally, I have seen no 
species of Berriochloa with a blunt callus as found in many Piptochaetium. 
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Even in species of Berriochloa where the callus is fragmentary, the 
fragments indicate development of a strong elongated callus. Such a 
callus, it -would seem, could have little function if not shairp. 
What can we say then about the relationships of the fossils to liv­
ing genera? Piptochaetium probably has its origin in fossil ancestors 
from the High Plains. However the evolutionary route is much more com­
plex and cannot be summarily explained by a comparison of the shape of 
the anthoecia. The ancestors of Stipa also have their roots in the High 
Plains fossils. 
I have summarized a tentatively phylogency of the fossil and living 
Stipeae in Figure 48. As can be seen, many questions remain unanswered. 
Nevertheless some preliminary statements are possible concerning the 
evolution in this group. 
The lemmatal patterns in modem Stipeae seem to be characteristic 
of phylogenetic relationships. The Nassella pungens type is a very dis­
tinctive lemmatal pattern. The fact that the line of evolution repre­
sented by Nassella has been separate from other groups for a consider­
able period of time is clearly indicated by lemmatal patterns of fossil 
and living species of this genus® Almost as clearly indicated by these 
studies is the position of the modem species of Stipa having a Stipa 
robusta type lemma epidermal pattern approaching that of Nassella. 
In species of the Stipa robusta type the silica bodies are extremely 
numerous, nearly one per long cell. In the living Nassella pungens type, 
silica bodies are entirely absent or very rare. Nevertheless their pat­
terns of highly reduced long cells are clearly distinctive on both types. 
Fig. 48. A proposed phylogeny of selected fossil and living 
Stipeae based on the epidermal patterns of the 
lemma. Small figures outside of each box represent 
the general anthoecial shape 
1. Berriochloa primaeva 
2. B. maxima 
3. B. conica 
4. B. "brevis 
5. Nassela pchlii 
6. Piptochaetium avenaceoides, "Piptochaetium type 
7. Stipa comata, "S. comata type" 
8. S. capillata, "S. capillata type" 
9. Oryzopsis racemosa, "0. racemosa type" 
10. Stipa robusta, "S. robusta type" 
11. Nassella pungens, "N. pungens type" 
119 
Recent 
Pleistocene 
Early Pliocene-
Late Miocene 
Miocene 
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There appear to be intermediate lenmatal patterns between the Stipa 
robusta and Nassella pmgens types. Species possessing these intermedi­
ate patterns include S_. viridula and S^. richardsonii. The Oryzopsis 
racemosa type is similar to the Stipa robusta type but the long cells 
are more developed and the silica cells less numerous. In this group 
Oryzopsis racemosa and 0. micrantha appear closely related. Likewise 
0. exigua and 0. coerulescens are very similar to each other but dis­
tinct from the former two species. This does not agree with relation­
ships of their species proposed on other grounds (Johnson, 1945b). 
Evidence for close relationships of species in the Stipa robusta 
type and at least some species of Oryzopis is supported by evidence from 
sources other than lemmatal patterns. Oryzopsis hymenoides readily 
hybridizes with a number of species having the Stipa robusta type 
lemmatal epidermis (Johnson, 1945a, 1972; Johnson and Rogler, 1943). 
This would be expected on the basis of their lemmatal patterns. Combin­
ing evidences from hybridizations and the study of lemmatal patterns it 
seems clear that species of Stipa of the Stipa robusta type are more 
closely related to lines of evolution represented by Nassella and 
Oryzopsis than to lines of evolution in species of Stipa representing 
the Stipa comata or Stipa capillata types. A single reported hybridiza­
tion between Oryzopsis hymenoides and Stipa neomexicana (Weber, 1957) 
of the Stipa coma ta type does not seem likely, and in fact the evidence 
presented by Weber was, according to him, "circumstantial." 
Johnson (1972) has postulated phylogenetic relationships in the 
Stipeae beased on studies of cytology and geographic distribution. He 
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indicated that the affinities of Oryzopsis hymenoides were puzzling, 
but that its geographic range and hybridization pattern suggest rela­
tionships with Stipa. The suggestion of these relationships are clearly 
supported by lemmatal patterns. A specimen of X Oryzopsis bloomeri 
examined had a very distinct Stipa robusta type lemma epidermis, which 
is also not unexpected, considering the hybrid nature of this taxon 
(Oryzopsis hymenoides X Stipa occidentalis). 
As noted previously lemmatal patterns of the fossil species of 
Berriochloa more closely resemble species of Stipa than Piptochaetitan. 
Unfortunately the intermediate evolutionary foms of Pliocene or Pleisto­
cene age are not available. Undoubtedly such forms would answer the 
question about the origin of the groove in Piptochaetium as well as the 
characteristic lemma epidermal patterns. What can be said with good 
evidence at this point is that species of Piptochaetium and species of 
Stipa of the Stipa comata type and possibly others had a common origin 
in species of the fossil genus Berriochloa. At some time during the 
late Pliocene or Pleistocene the evolution of these groups diverged. 
Their comnon ancestry is suggested by a basic similarity in lemmatal 
patterns (i.e., well-developed long cells, no short cells) and shapes of 
the anthoecia. 
There appear to be at least two basic lines of evolution indicated 
by the fossils. In the Nassella-Oryzopsis-Stipa robusta type line the 
trend was towards a specialized epidermal pattern in which the long 
cells are greatly reduced and silica bodies are present or absent. This 
contrasts with Piptochaetium -St ipa comata line in which only long cells 
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(or hooks) are present and are not reduced although they may be highly 
modified as in Piptochaetivcn. 
This study as shown that at least within the genera examined the 
pattern on the lemma is indicative of affinities. Not only are the 
characteristics exhibited diagnostic eenerically, but in some cases 
they are also diagnostic at the species level. The lemma epidermal pat­
tern appears to be a systematic character of considerable significance 
in the Gramineae that has not yet been exploited. 
D. Distribution and Cytology of Selected Living Stipeae 
Some clues to the past history of plant groups can frequently be 
gained by a study of their present distributions. Combined with studies 
of their cytology and fossil occurrences these data can also provide im­
portant information about the past migrations of plants and animals. 
This is true of certain fossil and living Gramineae which were examined 
during this study. 
Elias (1942, 1946) first pointed out the relationship of living 
species of the genera Piptochaetitan and Nassella to the fossils from the 
High Plains. Later Stebbins (1947) compared a number of modem species 
of South American Piptochaetium and pointed out that all of the South 
American species had diploid chromosome numbers while P. fimbriatum of 
Central and North America was a polyploid. Recently Stebbins (1975) has 
published a significant paper dealing with the role of polyploidy in the 
evolution of grasslands. He published a map showing the distribution 
of diploid and polyploid species of Piptochaetium and clearly showed 
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that the majority of diploid species are restricted to South America 
while both diploids and polyploids are to be found in Central and North 
America. He pointed out that these diploids are best interpreted as 
migrants from South America "perhaps in association with the migration 
of large herbivores, such as horses and camels." I cannot, however, agree 
with him that Stipa comata and S^. spartea represent relatively late 
migrants into North America as they are in part direct decendants of 
late Tertiary species of Berriochloa. Recently Williams (1975) has pub­
lished a paper dealing with the distribution of modem living plants re­
lated to the Tertiary High Plains fossils. Although his paper contains 
several erroneous statements in his section on fossil and living 
Gramineae, it noneth.^ess demonstrates the importance of biogeographi-
cal studies to a better understanding of the past and present comigrations 
of plants and animals. 
During the course of this study two significant extentions of the 
ranges of species of Piptochaetlum were discovered. These are illus­
trated in Figs. 49, 50. The extension of the range of P, panlcoldes to 
Venezuela is the farthest known northern occurrence of a species of 
Plptochaetlum in South America. The extension of the range of P. 
uruguense is more dramatic, representing nearly a 3000 km disjunction. 
A similar distribution was noted previously by other workers for P. 
stipoldes and the present studies confirm this. 
The three previously noted distributions might be explained In sev­
eral ways. The taxa could have been transported In recent times to 
their present disjunct locations by animals. All three species have 
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adaptions for dissemination through the fecal matter of grazing animals 
(Parodi, 1944). Even considering the possible exchange of livestock or 
other animals between these regions, I do not think this explanation is 
sufficient to explain the dispersal in recent time. Discussions with 
R, L. McGregor (University of Kansas) concerning the collection site of 
P. uruguense have also convinced me that such a mode of distribution was 
unlikely, as the specimens were collected by him in a previously ungrazed 
relict Oak forest. Transport and dispersal might also have been accom­
plished by birds, a process that also cannot be completely ruled out at 
this time. The explanation that I find more likely than either of the 
previous two for their present distribution, is that P. panicoides, P. 
uruguense and P. stipoides represent relict "islands" of diploid species 
which were previously widely distributed along migration routes that 
became established in the late Miocene about 5.7 m.y. BP (Raven and 
Axelrod, 1974; Berggren and Van Couvering, 1974). The initial migra­
tion was facilitated primarily by large herbivores (Stebbins, 1975; 
Williams, 1975). Because of unfavorable climatic conditions of the late 
Tertiary and Pleistocene these once widely distributed diploids were 
gradually reduced in range. The result has been "relict" populations 
in Mexico and Northern South America widely separated from principal 
occurrences of the taxa (Fig. 49, 50). With more intensive collecting 
in Mexico more of these "relicts" might become apparent. Most of the 
diploid species became restricted to South America where the effects of 
the Late Tertiary and Pleistocene climatic fluctuations were not as 
severe. 
The polyploids characterized by P. fimbriatum. apparently were and 
Fig. 49. Distribution of selected North and South American 
species of Piptochaetium. All species have n = 11 
chromosomes. Closed circles, Piptochaetium stipoides; 
open circles, P. uruguense; lines, P. avenaceum; 
dots, P. avenaceoides 
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Fig. 50. Geographic distribution of Piptochaetium 
panicoides (closed circles) and P. panicoides 
f. subpapillostan (open circles) 
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continue to be genetically better adapted and more competative than the 
diploids for reasons given by Johnson (1972) and Stebbins (1975). These 
involve primarily the duplication of genetic material and resultant in­
crease in heterozygosity and size of gene pools. The diploid progeni­
tors of P. fimbriatium are apparently extinct. This probably indicates 
that the polyploid complex of this species is quite old, dating to a 
point sometime in the Pliocene or Pleistocene. The distribution of 
polyploid and diploid North American species of Piptochaetium is pre­
sented in Figs. 49 and 51. 
The restriction of P. avenaceoides, a diploid, to the Florida penin­
sula is probably an indication of the climatic conditions under which the 
majority of Berriochloa species evolved during the late Tertiary. P. 
avenaceum, also a diploid, may have been originally restricted there 
during the heights of Pleistocene glaciations, but was better adapted 
genetically to advance across eastern and southern North America as cli­
matic conditions improved. 
The genus Nassella, as interpreted by my studies, has a distribu­
tion similar to that of Piptochaetium. All the known species of 
Nassella are polyploids and this probably indicates the ancient nature 
of the polyploid complexes. Considering the number of fossil species now 
known from North America, it seems probable that their evolution oc­
curred there and that the ancestors of species of Nassella in South Amer­
ica migrated there with herbivores during the late Miocene-early Pliocene. 
Their diminution in North America is best explained by adverse climatic 
conditions of the late Tertiary and Pleistocene, although a closer 
Fig. 51. Geographic distribution and chromosome numbers of North American 
species of Piptochaetiuin (see also Fig. 49 for additional species). 
Open circles, P. virescens; closed circles, P. fimbriatum (n=21, 
22); open triangle, P. angustifolium; closed triangle, P. pringlei 
(n=21); open diamond, P. brevicalyx (n=ll); closed diamond, P. 
selerl; open square, P. uruRuense (n=ll); cross, P. stipoides (n=ll) 
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examination of species of Stipa such as S^. (? Nassella) tenuissima and 
others may prove this diminution to be primarily due to the failure to 
recognize North American species of Nassella. 
As pointed out elsewhere species of the genus Stipa are closely re­
lated to the fossil grasses Berriochloa and Nassella. Species of this 
group have not been studied in as much detail as Piptochaetium and 
Nassella but they are distributed widely in western North America, with 
some species extending into Central America. 
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VII. PALEOECOLOGr AND PALEOCUMATOLOGY 
While a detailed analysis of all the vertebrate fossils has not yet 
been done, the presence of a vide variety of vertebrates in the fauna 
would seem to indicate that the major community represented is a savanna 
with widely and evenly spaced trees or perhaps a savanna parkland in 
which a mosaic of grassland and small and large stands of trees and 
shrubs occur. The occurrence of grazers and semigrazers such as horses 
(Pliohippus), camels, and cursorial rhinoceras (Aphelops) is representa­
tive of a grassland community in which extensive stretches of grassland 
favoring straight line escape would have been advantageous. The presence 
of peccary (Prostennhops) probably indicates a savanna parkland (Schultz 
and Martin, 1975). Schultz and Martin suggest that the structure of the 
skull which permits anterior vision while eating "suggests the presence 
of a habitat where free vision was important. The legs were elongate 
and suggest a cursorial existence. . . ." Modem tortoises, according 
to Brattstrom (1961), "occur in tropical jungles, forests, or savannas, 
most often in open areas in these habitats." There is no evidence in 
the Ellis County deposits to suggest jungles and forests, so savannas 
are the most probable community in which the tortoises occurred. Wide-
spread treeless and shrubless grasslands are not suggested since tor-
toises require at least some shade to prevent their absorption of too 
much solar radiation and consequent death upon reaching a lethal tempera­
ture (Blattstrom, 1961). Blattstrom suggested a need for forests, but 
this is not necessary since a savanna parkland environment would provide 
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abundant situations to meet tortoise requirements with regard to shade. 
The presence of succulent vegetation is also suggested by the tortoises, 
which are primarily herbivores on this type of plant growth. Hibbard 
(1960) viewed deposits with similar tortoises as representing a . . 
moist subhumid, subtropical savanna with forests and tall grasses along 
the river valleys, with shrubs and tall grasses on valley walls and on 
the low divides. Some short grasses may have occurred on the higher 
and well drained divides." Although his description may encompass more 
detail than is justified by the evidence, certainly the pervasive idea 
of grasses, and hence a grassland ccnmunity of some sort, is defensible. 
Fossil ground squirrels (Spermophilus) found at some sites also are indic­
ative of a grassland community. 
The most reliable evidence regarding climate must come from verte­
brates whose climate requirements were restricted and whose migratory 
ability low. One must also assume that ecological requirements of the 
animals have not changed to any great degree during their evolution. In 
this respect, giant land tortoises are especially useful when they occur 
as fossils. Fortunately they are abundant in Ellis County deposits. 
Zehr (1974) described their occurrence at the sites he studied, and I 
have found several additional occurrences at several new sites in the 
same general area. 
In recent years several authors have published articles on the 
paleoclimatological significance of giant land tortoises. Hibbard (1960) 
examined the available evidence with regard to such modem and fossil 
tortoises and presented convincing evidence that, "the large Pliocene 
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and Pleistocene land tortoises could not stand freezing, but they may 
have existed in an area where very few light frosts occurred at night 
but the temperature during the day warmed to 60° or more Fahrenheit." 
He indicated that during the period when the thin-shelled tortoises 
(c.f., Geochelone orthopygia sp. Cope) existed (all Ellis County tor­
toises are thin-shelled) the climate was subtropical and subhumid. 
Blattstrom (1961) reviewed the climatological requirements of modem 
tortoises and their implications with regard to the occurrence of similar 
fossil tortoises. Since the large tortoises are cold-blooded and pre­
sumably did not burrow, moderate temperatures were considered a necessity. 
Too low or too high temperatures would have led to the rapid death of 
the tortoises. He concluded that "the presence of gigantic tortoises in 
more northern latitudes than today (e.g., Kansas in the Pliocene, Montana 
in the Miocene, Wyoming in the Oligocene, etc.) suggests that the cli­
mates were much warmer and more constant then". Roman (1971) has indi­
cated that the presence of thin-shelled giant land tortoises in upper 
Miocene deposits he studied suggests a "subtropical climate, with winter 
temperatures not lower than 32°F. ..." 
Summarizing the vertebrate evidence, there seems little doubt that 
during the deposition of the Tertiary Ellis County strata in which the 
giant land tortoises are found, the climate could be reasonably charac­
terized as subhumid and subtropical, with temperatures rarely, if ever, 
reaching 0°C or exceeding 38°C. At least some form of seasons might have 
existed. I have found fossil wood in these deposits with distinct annual 
rings, probably indicating the occurrence of wet and dry seasons. 
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VIII. ORIGIN OF TREELESS GRASSLANDS 
Conflicting opinions concerning the original genesis of the present 
day treeless grasslands of central North America are abundant in the lit­
erature, Some authors consider the grasslands to have been in existence 
since as early as Late Miocene (Elias, 1932, 1942; Beetle, 1961), while 
others believe the widespread treeless grasslands are a result of 
Pleistocene climates and thus of recent derivation (MacGinitie, 1962; 
Wells, 1970). At least one author has proposed the possible expansion 
and contraction with each interglacial and glacial period of a grassland 
initially developed during the late Tertiary (Ross, 1970), thus combin­
ing the merits of both the pre-Pleistocene and Pleistocene genesis 
theories. Dix (1964) has recently reviewed the history of biotic and 
climatic changes that may have had an effect on the origin of grasslands 
in the Great Plains area. According to him the original grasslands 
evolved from elements of forests during the Oligocene and were temperate 
and tropical savannas. However he suggested that was not until late 
Pliocene and Pleistocene that the present day treeless grasslands 
evolved. 
Of all the evidence indicating the development of treeless grasslands, 
that provided by the evolution of particular groups of vertebrates are 
the strongest. The evolution of hares and horses seem especially impor­
tant in this respect. 
Presently in North America the lagomorphs exist as two families: 
Leporidae, the rabbits and the hares, and Ochotonidae, the pikas. 
137 
short-legged rabbit-like mammals found mainly in the western tkiited 
States* The lagomorphs as a group are vegetarians whose diet consists 
mostly of leaves and young sprouts, although in severe winters they may 
turn extensively in woody stems and bark. 
Lepus. the genus of hares in Leporidae which include the jackrabbits 
of the High Plains, would seem to be closely linked to the development 
of treeless grasslands. Adapted for rapid movement in one direction over 
open areas they seem ideal as an indication of treeless or nearly tree­
less grasslands. In areas such as Argentina where grasslands are pres­
ent, but there are no jackrabbits, the "jackrabbit niche" is filled by 
the Patagonian cavy, a relative of the guinea pig which has long hind 
legs. 
Wood (1940) summarized the trends in evolution of the fossil 
lagamorphs of the plains: 
It is unquestionable that the increasing aridity of the plains 
during the later Tertiary brought about a reduction in the 
numbers of places in which rabbits could take refuge, and that 
as a result those individuals, races, species or genera that 
were the best adapted for sustained flight had an increased 
survival rate. There would be a positive selection of those 
mutations that tended to increase the rapidity of the animals 
running and its endurance. 
Later Dawson (1958, 1967) developed a phylogeny of the Leporidae, 
in which there is an increased hypsodonty and cement deposition on teeth 
during evolution from primative to more advanced forms from the Oligocene 
through the Pleistocene. She also notes that Hvpologus, a genus of fos­
sil rabbits extant during the later Miocene through the early Pleisto­
cene, were generally not developed for the rapid straight line type of 
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locomotion characteristic of an open area genus like Lepus, and possibly 
became extinct because Hypologus, "lagged behind Lepus in adaptions of 
the dentition for gnawing and a skeleton for running." This did not take 
place until Late Pliocene and early Pleistocene and would seem to indi­
cate the appearance of an open treeless grasslands. 
Shotwell (1961) reviewed the evidence on the evolution of the fossil 
horses of the late Tertiary. He concluded that the three-toed Hipparion 
horses occupied savanna and that the two lateral toes provided traction 
in dodging maneuvers in areas where obstructions (such as trees and brush) 
were present, whereas Pliohippus, a presumed ancestor of modem horses, 
with its one big toe showed an adaption to high-speed escape in straight 
lines where agility was a hinderance, and thus occupied open grassland. 
The Hipparion horses were present throughout the central High Plains 
in the Miocene and Pliocene but had become restricted to an area below 
southern Kansas by early Pleistocene. Equus (Plesippus) on the other 
hand became more widespread. The habitat of the Hipparion horses, the 
savanna, had become increasingly restricted southward, but this did not 
happen until Early Pleistocene. The fact the Equus (Plesippus) remained, 
and the Hipparion horses left, indicates the presence of widespread, 
treeless grasslands. Thus we have evidence that the first treeless 
grasslands did not become the dominant vegetation in the High Plains 
until at least very late in the Tertiary. 
Suranarizing, although grasslands were probably present in some form 
from the Oligocene on treeless grasslands are only a development of the 
latest Tertiary and earliest Pleistocene. Certainly there is no evidence 
to suggest the presence of widespread treeless grasslands during the late 
Miocene-Early Pliocene deposition of sediments in Ellis County. 
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IX. SYSTEMATIC DESCRIPTIONS 
During the initial phases of this study intentions were to even­
tually provide detailed keys of all the fossil "seeds" examined. These 
keys were to be based on data provided by studies of the type collec­
tions as well as my own collections. IMfortunately more than 24 months 
were expended in a search for the bulk of the Elias type collections. 
A significance number of these when found were improperly labeled or 
not labeled at all and in some cases types had been lost or destroyed. 
Considerable time was therefore spent by me in merely identifying and 
properly curating the collections. As a result I have determined in 
many cases that the collections of specimens are too small or frag­
mentary to provide the necessary information on which keys might be 
proposed. I have discussed at length the nomenclature of the type 
collections and I have given keys for "seeds" where the evidence from 
the type collections and my own collections warrants. The type 
collections of Elias are indicated by the prefix E before a UNSM 
number, i.e., UNSM-E (=Elias) 50. All occurrences, unless otherwise 
noted, are from Ellis or Rooks (only site 4) Counties, Kansas. 
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DIVISION MAGNOLIOPHTIA 
CLASS LILIATAE 
FAMILY GRAMINEAE 
TRIBE STIPEAE 
Genus Berriochloa Elias 
Beriochloa Elias, Univ. Kans. Sci. Bull. 33:346. 1932. 
Stipidium Elias, Amer. J. Sci. 5th Ser. 29:26. 1935. 
Diagnosis. An organ genus of the Gramineae represented by the 
silicified anthoecia (lemma and palea), rarely with portions of awns 
attached. Shape of the anthoecia fusiform, terete, oblong, obovate, or 
obtrullate. Surface of the lemma smooth, tuberculate, hirsute, or a com­
bination of these at low magnification; (ca 30x). At high magnification 
(ca 200+) epidermal patterns of long cells frequently visible. Long 
cells always longer than wide and with ripple walls; lobes of long cells 
simple, branched, or secondarily lobed. Hooks, prickles, or both present 
(see Metcalfe, 1960), surrounded and braced by expanded "buttress" lobes of 
long cells. No other short cells observed. Lemma narrowed at the sum­
mit forming a neck which may or may not expand into a crown. Two small 
lobes may be present in the front of the anthoecium at the summit. Por­
tions of a quadangular awn sometimes present. Scar of attachment of awn 
provided with 3 vascular trace scars, one central and two lateral. Lemma 
narrowed at the base into a sharp callus which is frequently covered with 
hairs. A single vascular trace scar present in the oblique lower 
portion of the callus. Palea enclosed within the lemma and overlapped 
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by its margins. Surface of palea smooth or tuberculate; microfeatures 
of the palea epidermal cells like those of the lemma. Palea frequently 
terminating in a well-developed prow, this sometimes obscured by the 
summit of the lemma. 
Discussion. I have reduced the genus Stipidium to a section under 
Berriochloa. In the section Stipidium I place all fossil species of 
Berriochloa which have cylindrical anthoecia. Other characters are de­
fined by Elias (1942). The other sections are Berriochloa and Para-
stipidium as described by Elias (1942). Although an initial macromorpho-
logical inspection of the fossils may suggest maintaining the taxonomic 
status quo, firm evidence can be demonstrated to justify my position. 
The genus Berriochloa was originally established by Elias (1932) to 
include fossil grasses which he questionably referred to the tribe 
Hordeae. Anthoecia which were subsequently assigned to this genus by 
him were inflated and usually amphora-shaped. His original diagnosis 
of this genus was the follows: 
Fruit consists of two glumes, the larger, the fertile glume 
or lemma, overlapping the smaller glume or pale or palea. 
The two glumes combine to form what is known as the protec­
tive cover of the caryopsis (grain). The latter is not pre­
served in a state of fossilization except its thin pericarp. 
The protective cover is provided with an awn at the apex and 
with a somewhat elongated scar of attachment at the base. 
The fruit is found in cross section, but the presence of five 
longitudinal ridges on the lemma tends to make the cross section 
slightly subangular. Very rarely two faint longitudinal ridges 
can be observed in palea. It is appropriate to note that the 
palea of living grasses is always two-nerved. 
Elias had the fossils oriented upside-down at this time and it was not 
until later (1935) that he recognized their true orientation. Later 
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(1935) he established the genus Stipidium for cylindrical grass fossils 
which he initially assigned to the living genus Stipa. He gave the fol­
lowing very abbreviated generic description: "fossil grass closely 
related to the living Stipa or spear-grass." 
Not until 1942 did Elias describe more specifically and delimit 
Berrlochloa and Stipidium. His separation of these genera was highly 
artificial at this time, and evidence he used in support of this separa­
tion is refuted both by the fossil record and by comparative studies of 
modem genera. 
When Elias redefined the genera in 1942, he did it on the shape 
of the anthoecia. He stated that. 
The difference between Stipidium and Berriochloa is only in 
the shape of the hull. It is cylindrical to oblong in 
Stipidium, while in Berriochloa it is fusiform, obovate, or 
resembles the Greek amphora. When Stipidium becomes propor­
tionally shorter, it can still be well differentiated from 
Berriochloa if it preserves its cylindrical shape, thus 
looking like a barrel. But when its lower part assumes a 
gradual slope it becomes like the obovate Berriochloa. 
He immediately noted that "some morphologists would be inclined to unite 
Stipidium and Berriochloa." He then reviewed those factors which he 
indicated supported his position. 
Elias (1942) indicated that the modem genera of the Stipeae were 
distinctly different in their shape. Thus all species of Stipa were 
considered by him to have cylindrical, oblong or barrel-shaped anthoecia 
while anthoecia of all species of Piptochaetium and NasseXlaTha^rthe 
fusiform shape of Berriochloa. Modern studies firmly refute this assump­
tion as supporting the separation of Stipidium and Berriochloa. The 
genus Piptochaetium was shown by Parodi (1944) to be morphologically 
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distinct from Stipa, Oryzopsis, and Nassella in the possession of a 
deeply furrowed palea. Although this distinction has long been recog­
nized by South American agrostologists (Parodi, 1944; Rosengurtt, Arril-
laga, and Izaguirre, 1970), the same cannot generally be said of their 
North American counterparts, including Elias. The shape of the anthoecia 
varies widely in the genus Piptochaetium, from cylindrical in P. 
avenaceum, P. avenaceoides (both North American), and P. hackelii (South 
American) to distinctly inflated obovate or nearly spherical in forms 
such as P. stipoides (Central and South American), P. lejopodum, and P. 
iubatum (both South American). In addition, there are many intermediate 
forms such as P. ruprechtianum, P. bicolor (both South American) and P. 
brevicalyx, P. pringlei, and P, fimbriatum (all North and Central Ameri­
can) . Thus shape alone cannot be used to separate the genera of the 
Stipeae and its use to separate the fossil genera Berriochloa and 
Stipidium is entirely artificial. To Elias' credit he recognized this 
artificiality, but unfortunately was relying on an interpretation of 
modem genera which is now proven false. 
A recent paper by Williams (1975), contains parts which are quite 
erroneous and must be selected for comment and firm refutation. Williams 
(1975) that the results of an analysis of morphological similarity between 
living and fossil material, "demonstrate that the criteria used by 
Parodi (1944) to separate the two sections of Piptochaetium successfully 
separate the fossil genera. Stipidium corresponds to Podopogon while 
Berriochloa corresponds to Eupiptochaetium." Further he states that, 
"Two examples of these affinities are first P. (Eupiptochaetium) 
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fimbriatum (H.B.K.) Hitchock from northern Mexico with Berriochloa 
minuta Elias from the uppermost Pliocene deposits of Kansas and Texas; 
and secondly P. (Podopogon) bicolor (Vahl) E. Desvaux from Uruguay with 
Stipidiim tubus var. laeve Elias of the middle Pliocene." The criteria 
which Parodi (1944) used were the following: 
1. Podopogon (Rafin.).—Antecio glabro o piloso con pie 
punzante alargado y arista persistente. 
2. Eupiptochaetium.—Antecio glabro o piloso con pie corto 
u obtuso y arista caediza o persistente. 
I have examined the type collections of Elias, the collections of 
Leonard at the University of Kansas, and my own collections of perhaps 
10,000 specimens of Berriochloa. In addition I have also examined 
more than 1,000 specimens of Piptochaetium including representatives of 
all North and Central American species and all but three of their types 
or type fragments, at least one specimen cited by Parodi (1944) of most 
species of South American Piptochaetium, and numerous other specimens 
as well. With no qualifications, my research demonstrates that the 
dichotomy proposed by Williams is totally without basis in fact. There 
are no fossil species of Berriochloa with a short blunt callus, which is 
the only preserved feature on the fossils that might be used to make the 
separation of the fossils into Parodi's section. All fossil species of 
grasses which have been referred to these genera have a sharp pointed 
callus distinctly like that found in Parodi's Podopogon and many species 
of Stipa. Not only is William's proposal not defensible, but the examples 
he gives in illustration are in complete contradiction to his conten­
tions. Berriochloa minuta Elias (see UNSM-E63(1) and UNSM-E67) is not 
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comparable to Piptochaetixan fimbrlatum. Quite the contrary, Bcrriochloa 
minuta Elias is almost exactly like the varieties of Plptochaetium bi-
color (Vahl) Des v. (see Mercedes, Mourino, Gallinal, Rosengurtt et al. 
PE 134 (US 1720659), cited by Parodi (1944), p. 256; Rosengurtt B-1122 
(ISC 327795), cited by Parodi (1944), p. 253; among others). Berriochloa 
minuta Elias, like Piptochaetitan bicolor (Vahl) Desv. has a very sharp, 
elongated callus. Stipidium tubus var. laeve Elias is not remotely 
similar to Piptochaetium bicolor (Vahl) Desv., but rather is comparable 
to a large number of species of Stipa and to Piptochaetium hackelii 
(Areck. sp) Parodi (see L. R. Parodi 80 (US 1127761), cited by Parodi 
(1944), p. 237), in the shape of the anthoecia and callus and little 
else. It should be noted that Williams has not seen the type collec­
tions of Elias of the fossil species mentioned and this may have contrib­
uted to his confusion. Finally Williams fails to mention the genus Stipa 
in relation to the fossil genus Berriochloa. The fossil Berriochloa 
lack the distinct palea groove of Pipt ochaet ium [very rarely a weak de­
pression is developed, (Fig. 175)] and thus cannot be effectively sepa­
rated from Stipa. Any consideration of the relationships of these fossil 
Stipeae is seriously remiss if the genus Stipa is not considered. 
Elias also states that there seems to be an ecological difference 
between Stipidium and Berriochloa. Facts supporting this conclusion 
are insufficient at the present time. 
Elias also reported that the position and nature of the labrum wart 
could be used to separate the genera Berriochloa and Stipidium. Although 
I have such a structure in extant Stipa spartea, I have not seen the 
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distinction on the fossils mentioned by Elias in the collections I have 
studied. Elias only hesitantly mentioned the feature, since he rarely 
saw it, and I cannot find any evidence to support its existence as a 
diagnostic character. 
Section Berriochloa 
Berriochloa amphoralis Elias 
Berriochloa glabra (Berry) Elias, Kans. Geol. Surv. Bull. 13:150. 1931. 
nom. nud. 
Berriochloa glabra (Berry) Elias, in part. Sci. Bull. Univ. Kans. 33: 
PI. 29 Fig. 1 only. 1932. 
Berriochloa amphoralis Elias. Geol. Soc. Amer. Sp. Paper 41:97. 1942. 
Diagnosis. Anthoecia usually amphora-shaped or less commonly al­
most ovate. Outlines of upper anthoecia convex, never appearing angled. 
Maximum frontal convexity of the anthoecia usually at the same level or 
only slightly above that of the maximum rear convexity. Dimensions of 
anthoecia variable; length 2.0-5.7 mm, depth 1.4-3.2 mm, width 1.5-2.9 
mm. Distance from rear of crown to dorsal rib 0.6-1,2 mm. Lemma nar­
rowed towards the summit into a neck which terminates in a distinctive 
expanded crown to which an awn was apparently attached. Rim of crown 
smooth, inner diaphragm with three vascular trace scars, the center scar 
larger than the lateral two. From above, crown-shape obovate, 0.5-1.2 
mm long, 0.5-0.9 mm wide. The point where the rear of the lemma enters 
the callus is designated by the term "heel". In Berriochloa amphoralis 
the heel of lemma well-developed, usually abruptly angled at union with 
the callus. Lemma narrowed towards the base into a strong elongated 
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callus, only fragments of which have been preserved. Surface of the 
lemma smooth at low magnifications except for scattered hooks on the 
shoulder and neck and in the best preserved specimens, dense hairs 
present on the lower 1/3-1/2 of the lemma, sometimes also on the margins. 
At high magnifications vertical rows of long cells visible. Palea well-
developed, its margins overlapped by the lemma; summit of the palea 
terminating in a we11-developed prow. Surface of palea weakly to evi­
dently covered with hooks, never smooth (Figs. 163-168). 
Nomenclature. The type specimens of this species are a collection 
now in DNSM as UNSM-E78. A label in the vial, in Ellas's handwriting 
reads on one side, "39-10, 13, Berriochloa amphoralis Ellas, 1942, p. 
97-98; PI. 13, Figs. 1-4, Syntypes" and on the reverse, "Swlsegood Ranch, 
Wallace Co., Kansas."; a piece of cellulose tape on the vial "26 B. 
aaoh."; and in a small green circle on the vial "13"« I have compared 
the specimens In the vial with the illustrations of Ellas (1942) and 
there is no doubt that this is the type collection of Berriochloa 
amphoralis Ellas. I have designated a lectotype. 
Occurrences.—(1) In the upper exposed portion of bed 3, locality 
(2), at site 5. (2) In the limited exposure at site 14. (3) In the lower 
25 cm of sandy tuff in bed 2 of site 13. (4) In the lower 60 cm of bed 
3 and the lower 25 cm of bed 5 of site 21. (5) In the lower 1/2 of bed 
1 of site 22. (6) 50 cm above the contacts of beds 1 and 2, in bed 2 
of site 31. (7) Several clusters were recovered in the upper 60 cm of 
bed 5 at site 42. 
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Discussion. The specimens of this species are very variable in 
size and general shape. The largest specimens approach in size those of 
B. tuberculata and more rarely B. maxima. When this occurs, the smooth­
ness of the lemma is the distinguishing feature. At high magnification 
the epidermal pattern of B. amphoralis appears distinct from those of 
B. maxima and B. tuberculata. In B. maxima, the lobes of the long cells 
are secondarily lobed or branched (Figs. 176-179), whereas both B. 
amphoralis and B. tuberculata have lobes only rarely secondarily lobed 
or branched (Figs. 165, 167, 215-219). Berrichloa amphoralis can be 
distinguished from B. tuberculata by the complete absence of hooks 
or hairs on the medial 2/3 of the lemma surface (Figs. 163, 166). When 
the largest specimens of B. minuta approach the smallest of B. amphoralis, 
the former are usually distinguished by their lesser depth. Usually the 
shape is also distinctive, the outline of B. minuta being more angular. 
Where single specimens of either are collected, it may not be possible 
to assign a species name. 
A comparison of the types and several collections from Ellis County 
are presented in Table 7. 
Berriochloa conica Elias 
Berriochloa conica Elias, Geol. Soc. Amer. Sp. Paper 41:95. 1942. 
Diagnosis. As given by Elias (1942) with modifications of the 
dimensions and the addition of new micromorphological data. Length of 
anthoecia, excluding callus, 2.1-3.7, width 1.1-1.7 mm, depth 1.1-1.6 nsn; 
Table 7. A comparison of several anthoecial characteristics of samples of Berrlochloa amphoralis. 
Numbers in parentheses following ranges indicate the number of specimens measured. 
R=range, x=mean. All measurements in mm 
Sample .nd origin A"'h°Gclal characteristics crom, to Cro«n 
Length Depth Width dorsal rib Length Width 
UNSM-E78, Elias R=2.1-4.4(16) 1.4-2.7(15) 1.4-2.7(20) 0.6-1.2(15) 0.6-0.9(18) 0.5-0.8(17) 
types, Wallace Co., x=2.9 2.1 2.1 0.9 0.7 0.7 
Kansas 
JRT 42 R=2.2-3.4(10) 1.5-2.1(10) 1.5-2.0(10) 0.6-1.1(7) 0.5-0.7(7) 0.4-0.6(6) 
U5 x=2.6 1.8 1.7 0.9 0.6 0.5 
3 Aug 75 
Ellis Co. Kansas 
JRT 5.1 R=2.2-4.4(8) 1.7-2.8(8) 1.6-2.8(8) 0.7(2) 0.5-0.9(6) 0.5-0.9(6) 
U3 @ x= — 2.3 2.2 0.7 0.7 0.7 
31 May 75 
Ellis Co. Kansas 
JRT 21.6. 21.5 R=4.0-5.7(5) 2.6-3.2(8) 2.9(1) 1.0(1) 1.0-1.2(4) 0.9(1) 
Ellis Co. Kansas 
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distance from rear of crown to dorsal rib 0.4-0.7 mm; crown length 
0.3-0.4 mm, width 0.3-0.5 mm. Average length to depth ratio of 3 
samples 1.9-2.1. Epidermis of lemma at high magnification characterized 
by long cells with well-developed lobes. Lobes simple and expanded at 
the apex. Transverse as well as longitudinal walls lobed (Figs. 169-
172). 
Nomenclature. The types of this species are in UKSM as UNSM-E77. 
When found this collection had the following markings: (1) cellulose 
tape on the vial side reading "23 B. con." (2) Cork in the vial read­
ing "8". (3) A label in the vial reading on one side mi. W. of 
Beecher Island Yuma Co. Colorado Berriochloa conica Elias" and on the re­
verse "Elias 1942, pl. 12, Fig. 7 Berriochloa conica". I have desig­
nated a lectotype. 
Discussion. This species is closest to B. minuta but differs in 
the proportionally larger size (Fig. 52). See discussion of B. minuta 
in Elias (1942) and this paper. 
Berriochloa dawesensis (Elias) Thomasson, comb, nov. 
Stipidium Qccc Chaney and Elias, Carnegie Inst. Wash. Pubi. 475:78. 1938. 
Stipidium dawsense Elias, Geol. Soc. Amer. Sp. Paper 41:79. 1942. 
Diagnosis. As given in Elias (1942). Poorly preserved long cells 
with we11-developed (? simple) lobes were observed at high magnification. 
Nomenclature. The type specimens of Berriochloa (Stipidium) 
dawesensis are in DNSM as UNSM-E24. When discovered, these specimens 
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were in glass vial with a green circle on the side in which was written 
"39-23". Two individual labels were present in the vial. One read 
"39-23 Stipidiim oc cL Sand Canyon, Nebr. cotypes" and the other "Sand 
Canyon, Dawes Co. Neb. Rathbun & Johnson." A comparison of the speci­
mens with the illustrations of Elias (1942, pl. 6, Fig. 9) confirmed 
these as the syntypes of Berriochloa (Stipidium) dawesensis. A lecto-
type was designated by me. 
Discussion. The type collection is quite fragmentary and the reader 
is referred to Ï3NSM-E17 for a well-preserved collection of this species. 
See also Galusha (1975) for a new interpretation of the stratigraphie 
occurrence of Berriochloa dawesensis. 
Berriochloa glabra (Berry) Elias 
Lithospermum fossilium Berry var. glabrum Berry, Proc. U.S. Nat. Mus. 
73 (2734): 2; pl. 1, Figs. 11 and 12 only. 1928b. 
Diagnosis. As given by Elias (1942, pp. 93-94; pi. 12, Figs. 10-13, 
except that Fig. 13 of Berry (1928b) is now excluded. The anthoecial 
measurements are modified as follows: length 2.9-6.1 mm; depth 1.5-3.1 
mm; width 1.3-2.9 mm. Distance from rear of crown to dorsal rib, 0.7-
1.3 mm. 
Nomenclature. This species was described by Berry (1928b) on the 
basis of collections made by J. B. Hatcher in Phillips County, Kansas in 
1884 and later deposited at USNM. At the time the fossils were incor­
rectly oriented upside down and incorrectly referred to Lithospermum 
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(Boraginaceae). 
Shortly thereafter, Ellas (1932) recognized their true affinities 
and correctly placed them in the Gramineae, establishing the new genus 
Berriochloa for them. Unfortunately Elias established the new species 
without seeing the types, as he later indicated (1935) of B. glabra 
that, "the glabrum species was identified and redescribed by him (Elias) 
on his own material." Finally, after having seen the types, Elias (1942) 
restricted the species B. glabra to the specimens cited by Berry in his 
original study. 
I have carefully examined all the specimens from the USNM including 
the specimens figured by Berry in 1928b and those by Elias in 1942. The 
collections were found by me to be a mixture of species. I now restrict 
the species B. glabra to those specimens illustrated by Berry (1929) as 
Fig. 11 (now USNM 38073) and Fig. 12 (now USNM 22718). Both specimens 
show clearly the diagnostic character of this species—the distinctly 
elongated neck. The specimen illustrated by Berry (1929) in Fig. 13 
(now USNM 222719) belongs to an undescribed species of Berriochloa simi­
lar to B. amphoralis. I designate as lectotype the specimen (USNM 
22718) figured by Berry in 1928b on plate 1 as Fig. 12. 
Occurrences. No representatives of this species were collected 
during this study. 
Discussion. Even though the specimens of this species are quite 
variable in size, they are readily identified by the elongated neck. 
In addition to the collections of Berriochloa that was previously 
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mentioned, I was also able to study an unnumbered collection from the 
USNM. Although the specimens in that collection were all labeled B. 
glabra, they are in fact a mixture. I have identified the fossils 
therein and designated than as follows: (1) Two vials labeled "A" by 
me are B. glabra. One vial labeled "A, measured 21 Nov 75" was used 
in obtaining size data on B. glabra. The other vial labeled "A, unmea­
sured" were fragmentary and not used. (2) A vial labeled "B" contains 
specimens which are not B. glabra but are referable to an undescribed 
species of Berriochloa. The specimen USNM 222719 mentioned earlier is 
apparently the same species as this. (3) A vial labeled "C" contains a 
single specimen of Berriochloa CStipidium) c.f. variegatum. (4) A vial 
labeled "D" contains a single specimen which seems referable to B. 
obtrullata sp. nov. (5) Finally, a vial labeled "??•• contains a single 
specimen, which while referable to Berriochloa, cannot be affirmatively 
placed in any species. 
I have labeled the box containing B. glabra (USNM 38073, 222718, 
222719) as "Box 1", while the unnumbered collection is contained in 
"Box 2". 
Berriochloa inflata Elias 
Berriochloa inflata Elias, Gaol. Soc. Amer. Sp. Paper 41:96. 1942. 
Diagnosis .—As given by Elias (1942) except for the addition of 
micromorphological characteristics. At high magnification surface of lem­
ma with long cells possessing we 11-developed lobes; lobes compound. 
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usually dichotcmous (Figs. 173-175). 
Nomenclature. The type specimens when found were in a vial with a 
label that read on one side "Berriochloa lemma and palea smooth. Other 
with tuberculate palea" and on the reverse "center sec. 34, T. 15, R. 27 
W. Panicum bed." These specimens are without doubt a portion of the 
type collection of Berriochloa inflata, but I was unable to locate the 
rest of the specimens. I have designated a lectotype. This collection 
is at UNSM as UNSM-E14. Fragmentary specimens of an inflated Berriochloa 
which may be of this species were found in bed 1, at site 4. 
Discussion. See also Elias (1942). These specimens are very frag­
mentary and a new collection is needed. The pattern of the epidermal 
cells of the lemma is unique if it holds for all members of this taxon. 
The only other Berriochloa with nearly the same shape and a smooth palea 
is B. obtrullata, but B. obtrullata is much larger. 
Berriochloa intermedia (Elias) Thomasson, comb. nov. 
Stipidium intermedium Elias, Geol. Soc. Amer. Sp. Paper 41:83. 1942. 
Diagnosis. As given in Elias (1942) 
Nomenclature. The type collection is now at UNSM as UNSM-El. Two 
labels were in this collection when it was originally found. One reads 
"39-11 Stipidium B. Reamsville Kans. intermedium inter-(last half of 
word illegible)" and the other reads "Reamsville figured." A number on 
the cork of the sample vial reads "73". Comparison of the specimens 
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with the illustrations of Elias (1942) confirms these are the syntypes 
of Berriochloa intermedia. A lectotype has been designated. The re­
mainder should be considered paratypes. 
Discussion. Also see Elias (1942). Although I have made a number 
of trips to the Reamsville area, I have been unable to relocate the 
type collection site. Local ranchers and farmers indicate that no expo­
sure of rock to their knowledge was ever present at the locality given 
in Elias (1942) and that locality can probably be considered in error. 
Berriochloa maxima Elias 
Berriochloa maxima Elias. Geol. Soc. Amer. Sp. Paper 41:98. 1942. 
Nomenclature. The syntypes of B. maxima are Elias specimens col­
lected from the Panicum elegans subzone of the Ash Hollow Formation, 
Ogallala Group, 3/4 mile north of Wolback, on highway to Spalding, Gree­
ley County, Nebraska (Elias, 1942). Though I have made extensive searches, 
I have been able to locate only one of the specimens figured by Elias. 
This specimen (1942, pi. 14, Fig. 3), is a mere fragment, found in a 
vial with two layers of fossils separated by a cotton plug. A note in 
the vial reads, on one side, "at Reamsville, Kansas 10' below vole, ash. 
Berriochloa maxima var.," and on the other side, "above cotton: photo­
graphed specimen (3) and B. tuberculata var." It may be that the (3) 
refers to his Figure 3, plate 14 (1942) but I cannot be sure. In any 
event, the specimen when compared with his photograph leaves no doubt of 
its authenticity as one of the figured syntypes. Lending support to this 
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interpretation is the fact that Elias (1942, p. 99), indicated that an, 
"early mutation (smaller and more slender form)" was found in the lower 
part of the Biorbia zone of the Ash Hollow formation near Reamsville, 
Smith County, Kansas. Elias did not indicate this fact in 1942, and 
one is led to believe the specimen is from the Greeley County, Nebraska 
site. The remaining specimens above the cotton appear to be, as Elias 
noted, Berriochloa tuberculata. Below the cotton is what appears to be 
a rather heterogeneous collection of Berriochloa sp. which are not B. 
maxima. All the specimens mentioned in the above discussion are now 
located at the University of Nebraska State Museum in collection UNSM-
E23. 
In addition to the collection described above, I have been able to 
locate in Elias's collections at least two other vials which might also 
have significance to this discussion. UNSM-E81 contains a number of 
fragments and some sediment and a label which reads as follows, 
"Berriochloa maxima Elias, 3/4 mi. N. of Wolbach, on highway to Spalding, 
Greeley, Co., Nebr," None of the species figured by Elias (1942) were 
in this collection so I cannot conclusively state that the syntypes 
came from this collection. The label seems more than a coincidence. 
None of the specimens are complete enough to be of diagnostic value. 
UNSM-E13 is another collection of a few fragmented specimens and some 
sediment. A label included reads, "39-7, X2, Berriochloa X, Walbash, 
Nebr." From a comparison with Elias*s illustrations and descriptions, I 
conclude this is Berriochloa maxima, but none of the specimens are those 
figured by Elias as syntypes. 
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Summarizing, from the available data only the single specimen from 
UNSM-É23 can be considered a type specimen. I have clearly marked it 
as such and it is now found in that collection. Specimens which now 
best illustrate at least some of the characteristics of this taxon are 
those in I3NSM-E13. 
Discussion. The fragmented nature of all the reference collections 
in my possession makes the recognition of this species very difficult. 
However, the large size of anthoecia of this species, for the most part, 
sets it aside from all other species of Berriochloa. Berriochloa 
CStipidium) grandis is perhaps the nearest in size but differs in the 
larger size of the anthoecium, and in the pitted, hirsute lemma surface. 
Rarely, the largest specimens of B. tuberculata approach the smallest 
of B, maxima in size and where this is the case it is necessary to use 
samples rather than individuals to determine the correct identity. In 
addition, most of the specimens of B. maxima recovered in Ellis County 
are poorly preserved. Undoubtedly B. maxima and B. tuberculata are 
closely related, and this factor must be considered when arriving at 
a "species" identification when the characteristics of each overlap. 
This taxon is in need of a thorough restudy including collection of 
well-preserved specimens with strict stratigraphie control. Consider­
ing all the above factors, the proposals which follow must only be con­
sidered provisional and are presented in the hopes of stimulating fur­
ther study of this taxon. In Ellis County deposits a number of speci­
mens have been found which, at least in size, appear referable to B. 
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maxima. However, in none of the deposits were any intact specimens 
found. In fact, usually only with careful degaging was it possible to 
demonstrate the presence of these large specimens in the rocks. Of the 
specimens recovered in Ellis and Trego Counties, Kansas, the best were 
from sites 4, 16, 17, and 30. Additional specimens were recovered at 
sites 9 (locality@) and site 13 where, however, only a single specimen 
was recorded in each case. Although it might be possible to describe at 
least some of these specimens as new, I would not feel presently justified 
in doing so. Instead I have chosen to désignate\morphotypes, which, 
while having no nomenclatorial status, will be used in the description 
of fossils recovered. A similar procedure was used by Sylvester-Bradley 
(1958) for fossil populations of the oyster, Ostrea knorri. 
The following analytical key is presented with the realization that 
as more well-preserved material is recovered, it may have to be modified 
or entirely changed. 
Key to the morphotypes of Berriochloa maxima Elias 
from Ellis and Trego Counties, Kansas 
1. Depth of lemma greater than 1/2 the length; lemma length 4.8-7.0 mm 
morph. A. 
2. Depth of lemma less than 1/2 the length (usually less than 2/5), 
lemma length 7-10 mm morph. B. 
With fragmentary specimens it is often difficult or impossible to 
determine the morphotype, although outlines of such specimens can often 
be extrapolated with reasonable assurance. 
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Descriptions of morphotypes of Berriochloa maxima Elias 
Within the collections made, there appear to be at least two morpho­
types of B. maxima, which, while intimately associated, are distinct. 
These may be, for sake of convenience designated morphotypes A and B. 
Morphotype A 
Diagnosis» Anthoecia amphora-shaped or becoming ovate in the larg­
est specimens. Length of anthoecia 4.8-7.0 mm; depth 3.2-3.6 mm; width 
2.6-3.6 nsn. Lemma narrowed at the summit into a neck which expands into 
a distinct crown. From above, crown-shape ovate to obovate; length 
0.9-1.0 mm, width 0.7-0.8 mm. Distance from crown to dorsal rib 1.2-1.3 
tun. Heel of lemma abrupt upon entry to callus. Callus not preserved. 
Surface of epidermis at high magnification with long cells character­
ized by compound lobes; lobes usually shorter than the central body area 
of the cell. No short cells observed (Figs. 176-179). Surface of lemma 
pitted, hirsute, or becoming smooth. Dense hairs present on the lower 
1/4 of the best preserved specimens, some specimens with scattered hairs 
on entire lemma surface. The shoulder and neck of the lemma are often 
finely aculeate. Palea with a we11-developed prow. Surface of palea 
aculeate throughout and in some specimens a shallow medial depres­
sion is weakly developed. 
Discussion. The largest specimens of morphotype A may be indis­
tinguishable from the smallest of morphotype B, in which case only samples 
of a number of specimens may suffice for a more exact determination. 
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Morphotype B 
Diagnosis. Same as for morphotype A but dimensions and shape are 
usually different. Length of anthoecia 7.0-10.0 mm; depth, 3.2-3.9 mm; 
width, 2.0-4.0 mm; depth of anthoecia less than 1/2 (usually less than 
2/5) the length. 
Discussion. Specimens illustrated by Elias, and fragments I have 
examined apparently belong here, or at least are in the Berriochloa 
maxima "complex." The fragment in those collections which was illus­
trated by Ellas (1942, pi. 14, Fig. 3) and incorrectly referred by him 
as being from Greeley Co., Colorado, I designate as a lectotype. 
Berriochloa minuta Ellas 
Berriochloa minuta Ellas, Geol. Soc. Amer. Sp. Paper 41:96. 1942. 
Diagnosis. As given in Ellas 1942 but with the following modifi­
cations in dimensions and the addition of new information on mlcromorpho-
logiuâl structures. Length of anthoecia 1.3-2.8 mm, width 0.9-1.8 mm, 
depth 0.9-1.8 mm; distance from rear of crown to dorsal rib 0.3-0.9 mm; 
crown length 0.3-0.6 mm, width 0.3-0.5 mm; length/depth ratio of 14 
samples 1.5-1.8. At high magnifications surface of epidermis with 
long cells having well-developed lobes. Lobes simple, slightly or evi­
dently expanded at end, apex obtuse (Figs. 180-187). 
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Nomenclature « The types of this collection are at UNSM in UNSM-
E76 and UNSM-E63(2). When found the collection UNSM-E76 had four mark­
ings or labels: (1) a piece of cellulose tape reads "25a B. minuta", 
(2) a green circle reads "69", (3) a cork reads "69", a label in the 
vial reads on one side "3 below lower Yucca bed. Cedar Point Keith Co., 
Nebraska" and on the reverse "Berriochloa I." Specimens were compared 
with the illustrations of Elias (1942, pl. 12, Fig. 8) and confirmed as 
part of the type collection. A number of specimens are yet missing from 
this collection. UNSM-E63(2) is another collection which was cited in 
the protologue by Elias (1942). Their specimens were mixed when origi­
nally discovered (UNSM-E63(1) = types of Setaria chasea). This collec­
tion has the maximum L/D ratio (1.8) of any of the samples. Another 
collection studied which figures in the nomenclature of this species 
was UNSM-E55. A cork in the collection vial read "71", a cellulose 
tape on the vial real "25 be minuta", and a label in the vial read on 
one side "illustrated type" and on the reverse 3/4 mi. N. of Walbash, 
Neb. figured B. minuta M. Pliocene". This is a mixed collection, one 
specimen of B. amphoralis and one of B. minuta. The specimen of B. 
minuta may be considered a paratype. 
Occurrences. (1) In the lower 30 cm of bed 2, locality (5), site 
30 as cluster T, 5 July 1975. (2) In the upper % of bed 2 at site 8 
as clusters 3(=C), 6(=F), and 7(=G) 10 August 1975 (inadvertently not 
shown on Fig. 6, graphic section 8). (3) At site 9a (=locality(I)a and 
d) b) approximately 8.0 cm above the contacts of bed 3 and 4 in bed 4 as 
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cluster A, 23 December 1974; at site 9a approximately 90 cm below the 
contacts of beds 2 and 3 in bed 2; and in the upper 20 cm of the equiva­
lent bed at site 9b (=locality@) as cluster A, 8 August 1974. (4) At 
site 13 in the lower meter of bed 4, locality (D , as cluster A, 4 
August 1973. (5) At site 22 in the middle of bed 1 as cluster 1(4), 27 
May 1974. (6) In upper bed 1 about 2.2 meters below the contacts of bed 
1 and 2 at site 33 as cluster B, 28 December 1974. (7) At site 39 in 
lower bed 4, locality(T), as cluster K, 7 July 1975; and in the upper % 
of bed 2 at locality@as cluster E, 9 July 1975. (8) At site 42 in the 
upper meter of bed 6 as clusters K and D, 3 August 1975. 
Discussion. Berriochloa minuta is variable in size but separable 
from closely-related forms. From B. conica, to which it is the most 
similar, it differs in a smaller average length and consequently smaller 
length to depth ratio. A comparison of samples of B. minuta and B. 
conica is given in Fig. 52. While there is overlapping, the samples are 
distinct. It may not be possible however to place individual specimens 
securely in either taxon where this occurs. The smallest specimens of 
B. amphoralis may be similar to the largest specimens of B. minuta but 
the depth in B. amphoralis is almost always proportionally greater 
(compare Figs. 52 and 54). Specimens of B. tuberculata which are as 
small in length as those of B. minuta differ in their hooked or hirsute 
lemma surface and proportionally greater depth. 
Fig. 52. Comparison of measured samples of Berrlochloa. Open 
circles, B. minuta. site 42; open diamonds, B. minuta, 
site 8; arrows, B. minuta. UNSM-E76 (Ellas types); open 
squares, B. conica. site 39; closed circles, B. conlca, 
UNSM-E77 (Ellas types) 
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Berrlochloa obtrullata Thcmasson, sp. nov. 
Diagnosis. Shape of anthoecia obtruHate in frontal view; length 
2.2-3.2 mm, depth 1.6-2.4 mm; width 1.6-2.4 mm; distance from rear of 
crown to dorsal rib 0.9-1.3 mm; well-developed, expanded crown present 
at apex of lemma; crown length 0.4-0.7 mm, width 0.4-0.6 mm; callus not 
recovered. Surface of lemma smooth, except for scattered hooks on a 
well-developed shoulder and neck. Palea smooth in the middle %, with 
hooks at the margins; palea terminating in a well-developed prow which 
is usually enclosed by the margins of the lemma. Awn scar with three 
vascular trace scars, one large and medial, two lateral and smaller 
(Figs. 188-191). 
Type locality and horizon. Tn bed 2 which is exposed as a dis­
tinct "mortar" bed, locality(3)c, at site 30, SE%SW% sec. 9, T. 12 S., 
R. 18 W., Ellis Co., Kansas. 
Additional occurrences. (1) Possible specimens of this species 
were found in poorly exposed strata at site 24. 
Discussion. This species is closest to B. amphoralis but differs 
in the smooth palea and the distinctly obtrullate shape which creates a 
well-defined, almost platform-like shoulder. The species described by 
Elias as B. inflata which also has a smooth palea is represented by a 
very fragmentary collection, but the size as indicated by Elias is 
smaller than in B. obtrullata. 
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Holotype collection. Holotype, Thomasson No. 30-1, 15 August 
1974 as cluster A; isotypes Thomasson No. 30-2, 15 August 1974 as clus­
ter A; both collections in Sternberg Memorial Museum (FHSM), Hays, 
Kansas. 
Berriochloa primaeva Elias 
Berriochloa primaeva Elias, Geol. Soc. Amer. Sp. Paper 41:94. 1942. 
Diagnosis.——As given in Elias (1942) with the addition of micro-
morphological characters of the lemma. Long cells of lemma at high 
magnification with well-developed lobes; lobes simple, their tips acute, 
only very rarely expanded. No short cells observed (Figs. 201-204). 
Nomenclature. The types of this species are in UNSM as UNSM-E9. 
The following six labels were in this collection when found: (1) "39-24 
Berriochloa Sheep Creek, S. of Agate, Nebr." (2) On one side 
"Berriochloa primaeva, photographed (5 specimens)" and on the reverse 
"Sheep Creek". (3) "Sheep Cr. Berriochloa No. 23-1934". (4) "Sheep 
Creek 2nd draw". (5) "39-26 Sheep Creek, S. of Agate Nebr.". (6) "Sheep 
Creek, Aphelops draw" and on the reverse "T18-34 Stipidium minimum". 
Comparisons of the specimens with the illustrations of Elias confirms 
these are the types of Berriochloa primaeva. I have designated a 
lectotype. 
Discussion. See Elias (1942). 
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Berriochloa pumila Thomasson, sp. nov. 
Diagnosis. Shape of anthoecia obconical to obovate; length ex­
cluding callus 1.5-2.8 mm, depth 0.9-1.3 mm, width 0.8-1.3 mm; distinct 
from rear of crown to dorsal rib 0.3-0.5; lennna with an expanded crown 
at the summit; crown 0.3-0.5 mm long, 0.3-0.5 mm wide; lemma tapering 
at the base, ending in a sharp-pointed hirsute callus 0.4-1.0 mm long. 
Surface of lemma at low magnifications with abundant hooks, these fre­
quently absent at the margin of the lemma towards the base. At high mag­
nification surface of lemma with long cells possessing well-developed 
lobes. Lobes simple, not expanded at the apex. Falea tuberculate, ter­
minating in a weakly-developed prow which is usually concealed by the 
margins of the lemma (Figs. 192-200). 
Type locality and horizon. From 1 meter below the contacts of 
beds 2 and 3, in bed 2, at site 9a exposed in a roadcut along the east 
side of federal-aid-secondary highway (FAS) 231 (Figs. 57, 6, graphic 
section 9a). SW%NW%^% sec. 3, T. 12 S., R. 20 W., Ellis Co., Kansas, 
as cluster B, 1 August 1974. 
Additional occurrences. (1) At approximately the middle of bed 1 
at site 7. (2) In the upper % of bed 2 at site 8 as cluster 7(=G) and 
6(=F) 10 August 1974. (3) In the upper 20 cm of the bed 1 (=bed 5 at 
9a) at site 9b (=locality @). (4) In the small exposure at site 14. 
(5) ir the middle of bed 1 at site 22 as cluster 1(2) 27 May 1974. (6) 
In the upper % of bed 1 at site 28 as cluster B, 26 July 1974. 
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(7) At site 33, 2.2 meters below the contacts of bed 1 and 2, in bed 2, 
as cluster B(l) "seeds" 12 June 1975. (8) In the upper ^  of bed 2, 
locality (3) , as cluster E, 9 July 1975 and in the lower \ of bed 4, local­
ity (l) as cluster D, 7 July 1975, both at site 39. 
Discussion. This species is most similar to B. variegata var. 
dartoni. However it differs in the proportionally smaller size (Fig. 
53). 
Holotype collection. Thomasson No. 9-12, 1 August 1974, as clus­
ter B; isotypes Thomasson No. 9-13, 1 August 1974, both collections at 
Sternberg Memorial Museum (FHSM), Hays, Kansas; isotypes Thomasson 
No. 9-14 at ISC. 
Berriochloa stembergii Thomasson, sp. nov. 
Lithospermum fossilium var. aristatum Berry, Proc. U.S. Nat. Mus. 73 
(2734):2. In part only, specimens not figured by Berry. 1928b, 
Stipidium aristatum (Berry) Elias, Geol. Soc. Amer. Sp. Paper 41:85. 
Only pi. 10, Fig. 5. 
Diagnosis. As in Elias (1942) but the dimensions are modified as 
follows: Length of anthoecia 5.2-6.5 mm; depth 1.1-1.7 mm; width 1.3-
1.7 mm. Distance from rear of crown to dorsal rib 0.2-0.3 mm. 
Nomenclature. This species is based on specimens referred to by 
Berry (1928b) under Lithospermum fossilium var. aristatum but not illus­
trated. The illustration of this new species is pi. 10, Fig. 5 of Elias 
(1942). Specimens in pi. 10, Fig. 6 are in my opinion too fragmentary 
Fig. 53, Comparison of measured samples of Berrlochloa. Closed 
circles, B. pumlla, site 9; closed triangles, B. pumlla. 
site 28; closed squares B. varlegatum var. dartonl, UNSM-E6. 
Numbers with symbols represent the number of specimens 
measured. 
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to be identified. All specimens are now at USNM. These specimens are 
most similar to Berriochloa (Stipidium) nebraskensis. The collection of 
B. nebraskensis is very poor, consisting of one whole specimen and two 
fragments. Nevertheless, the whole specimen does have a smooth palea, 
whereas the palea of Berriochloa stembergii is tuberculate. 
Holotvpe collection. John B. Hatcher, Phillips Co., Kansas, 1884, 
now in USNM. 
Discussion. See section on discussion of Berriochloa aristata. 
This specimen is somewhat similar to some of B. maxima but is smaller. 
But, on the basis of a single specimen this comparison is very tentative. 
This species is named in honor of Charles H. Sternberg who originally 
discovered the beds from which these fossils probably come. 
Berriochloa tuberculata Elias 
Berriochloa tuberculata Elias, Geol. Soc. Amer. Sp. Paper 41:98. 1942, 
Diagnosis. As in Elias (1942) with the following changes or addi­
tions: Anthoecia length excluding callus 1.7-6.6 mm, width 1.2-3.4 mm, 
depth 1.3-3.4 mm; mean length/depth ratio of 11 measured samples 1.2-1.7. 
Surface of lemma at low magnifications with hooks or hairs or both 
(Figs. 210-211). At high magnification long cells with well-developed 
lobes are observed (Figs. 215-219). Lobes mostly simple and expanded 
at the tip, or becoming buttress lobes around hooks. Surface of palea 
with hooks and hairs (Fig. 208). 
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Nomenclature. The type collection of this species is at UNSM as 
UNSN-E75. When initially recovered this collection was in a vial that 
had a piece of cellulose tape on it reading "27". Inside was a label 
which read on one side "Berriochloa amphoralis" and on the reverse "vole, 
ash, Reamsville, Smith Co., figured Berriochloa 2, pi. 13, Fig. 6". After 
a detailed comparison of the specimens with the illustrations of Elias 
(1942, pl. 13, Figs. 5-9) the specimens were found to be a mixture. One 
specimen was determined to be B. maxima illustrated by Elias in 1942 (pi. 
14, Fig. 3). The other three complete specimens in the collection are 
the syntypes of B. tuberculata. A lectotype has been designated. Elias 
also figured a fragment as this species in 1932 (pi. 28, Fig. 16) and gave 
the same figure again in 1942 (pi. 13, Fig. 9). I find no evidence to 
convince me that it contributes to a diagnosis of B. tuberculata. 
Another collection studied is at UNSM-E74. A cellulose tape label 
in the vial read "21 B. glabra"; and, a label in the vial read 
"Berriochloa glabra, Chaney locality near Chaney, Oklahoma". This is a 
collection of B. tuberculata and was illustrated by Elias (1942, pl. 13, 
Fig. 5). 
Occurrences. (1) In the upper 10 cm of bed 3 at site 1. (2) Site 
2: lower bed 2, locality, 25 cm above base of bed as cluster T, 5 July 
1975; a mass occurrence (? coprolite) (Fig. 60) in the upper 1/3 of bed 2; 
specimens unrelated to the ? coprolite were common throughout bed 2. (3) 
Clusters of specimens with excellently-preserved hairs and hooks were re­
covered in the lower 1/2 of bed 2 locality(p, at site 5. (4) In the 
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upper 1/3 of bed 2 at site 8 as cluster 6(=F) 10 August 1974. (5) Clus­
ters and Individuals were common throughout bed 4 at site 9a (= localities 
(Î) a and (1) b), and in the exposed portion of the equivalent bed at site 
9b (= locality (D). (6) In the lower 100 cm of bed 2, locality (D , at 
site 10. (7) In the small exposure at site 14. (8) In the middle of 
bed 1 at site 22. (9) In the small exposure at site 24. (10) About 150 
cm above the contact of the Tertiary and Cretaceous deposits at site 27. 
(11) About the middle of bed 1 at site 28. (12) In the silo pit (local­
ity 1 ) in the upper portions of bed 1 at site 30. (13) In bed 8 at 
site 32. In the upper 1/3 of bed 1 at site 33. (14) In the lower 1/4 
of bed 4, locality(Î), at site 39. (15) In the upper 10 cm near the con­
tact of beds 5 and 6 in bed 6 at site 42 as clusters Q and 0, 3 August 
1975. Occurrences (1)-(14) in Ellis County, Kansas. (15) In the lower 
1 meter of bed 1, at site 40, Smith County, Kansas. 
Discussion. Specimens of B. tuberculata are extremely variable 
both in size and surface features. In the smallest specimens they over­
lap in size with B. amphoralis and B. minuta. From both however they are 
readily distinguished by the hirsute-hooked surface of Berriochloa 
tuberculata. The lemma surface of both B. minuta and B. amphoralis is 
perfectly smooth although scattered hooks may be present on the shoulder 
and hairs may be present on the callus. But hairs or hooks are never 
present on the medial 2/3 of either B. minuta or B. amphoralis. It is 
not unusual that the loss of the cuticle and hair bases or processes of 
fossilizaticn may obscure the true relations of a particular sample. 
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In this case only, tentative affinities can be ascribed, i.e., B. c.f. 
tuberculata-amphoralis. The depth of the anthoecia in B, tuberculata is 
usually proportionally greater than in B. minuta but about the same as 
in B. amphoralis (Fig. 54). 
The quality and quantity of preserved features is due to many fac­
tors, The amount of transport before deposition, unknown fossilization 
processes, and environmental conditions all undoubtedly influenced the 
final appearance of the fossils. In some samples of B. tuberculata hooks 
are obvious, in others both hooks and hairs are present, and in still 
others hairs are obvious and hooks obscured. Rarely both hooks and hairs 
are completely suppressed, but then nearby identical samples with hooks 
and hairs reveal the true identity of the sample. It is essential that 
the collector and taxonomist is aware of these facts before placing 
names on specimens. Some experience is required before identification 
can be made with any assurance. 
Berriochloa variegata (Elias) Thomasson, comb, nov. 
Stipidiim variegatum Elias, Geol. Soc. Amer. Sp. Paper 41:82. 1942. 
Diagnosis. As given by Elias (1942) with the following additions: 
Depth of anthoecia 0.9-1.4 mm; distance from rear of crown to dorsal rib 
0.3-0.6 Tun; crown length 0.4-0.7 mm, width 0.4-0.6 mm. 
Nomenclature. The types of this species are in the UNSM as DNSM-
E8. When found, the following three labels were with the collection: 
(1) "39-17 Stipidium tuberculatum Beecher Island, Colo." (2) yellow 
Fig. 54. Comparison of measured samples of Berriochloa. 
Open squares, B. tuberculata. site 5; closed 
squares, B. tuberculata. UNSM-E75 (Elias types); 
open circles, B. amphoralis. site 42; closed 
circles, B. amphoralis UNSM-E78 (Elias types) 
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label, "Beecher Isl. 1 mi. W. of P. 0. Bone bed". (3) "N center Sec. 
34, T. 1 S. R. 27 W. Stipidiim (E var. B crossed out) variegatum 
Beecher Island". A detailed comparison of the fossils with the illus­
trations of Elias (1942, pl. 11, Fig. 4) confirms these as the type of 
Berriochloa variegata. A lectotype has been selected. One specimen has 
been excluded as another species. 
Occurrences. (1) At site 9b in the upper 25 cm of bed 5. (2) In 
the middle of bed 1 at site 22. (3) About 1.3 meters above the base of 
bed 4, in bed 4 at site 39. (4) Near the middle of bed 1 at site 33. 
All occurrences in Ellis County, Kansas. 
Discussion. Although the type specimens are veiry finely preserved, 
they are very few in number. As a result the species is very poorly de­
fined and, may include a number of taxa (I have already excluded one 
specimen). Unfortunately I was unable to make new collections at the 
type locality, a necessity if this important taxon is to be accurately 
defined. Collections at KUMNH as KUMNH 9603 and KlUNH 9774 do not 
appear to be this taxon althou^ they were so labeled by me early in 
this study. The Ellis County fossils are assigned to this taxa only in 
light of these previous considerations. Also see Elias (1942) and dis­
cussion of B. pumila in this paper. 
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Berriochloa varxegata (Elias) Thomasson. var. dartoni 
(Elias) Thomasson. var. nov. 
Stipidiim variegatTm Elias, modf. dartonii Elias, Geol. Soc. Amer. Sp. 
Paper 41:83. 1942. 
Diagnosis. As given in Elias (1942) with the following additions: 
Depth of anthoecia 1.1-1.5 mm; distance from rear of crown to dorsal rib 
0.4-0.6 mm; crown length 0.5-0.7 mm, width 0.4-0.5 mm; callus length to 
1.2 mm. 
Nomenclature. The type collection is now at UNSM as T3NSM-E6. A 
single label was present in the collection which read "30' above base 
Biorbia Ash Hollow 90* above base of Ogallala". These specimens were 
compared with the illustrations of Elias (1942, pl. 11, Figs. 6-8) and 
were confirmed as the types. I have designated a lectotype and have 
also excluded fragments of an unknown (but not B. variegata var. dartoni) 
Berriochloa sp. 
Discussion. See Elias (1942) and discussion of B. pumila in this 
paper. 
Section Stipidium Elias 
Berriochloa aristata (Berry) Elias 
Lithospermum fossilium var. aristatum Berry, Proc. U.S. Nat. Mus. 73 
(2734):2, pi. 1, Fig. 14 only. 1928b. 
Berriochloa ? aristata (Berry) Elias, Univ. Kans. Sci. Bull. 20(20): 
349. 1932. 
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Diagnosis.- Anthoecium narrowly obovate; length 8.4 tun; depth » 
2.7 mn (broken); width 2.8 mm. Lemma narrows at the summit, terminating 
in a short neck and expanded crown. Crown viewed from above ovate, 1.1 
mm long; 1.0 mm wide. Distance from rear of crown to dorsal rib 1.0 mm. 
Neck and shoulder finely tuberculate, hairs present on the lower lemma 
near the callus. Remainder of lemma smooth. Palea well-developed, ter­
minating in a prominent prow; surface of palea finely tuberculate. Â 
shallow medial depression runs the length of the palea. Callus well-
developed, 5.1 mm long, terminating in a broken end. 
Nomenclature. See section on nomenclature of Berriochloa stem-
bergii sp. nov. The single specimen illustrated by Berry (1928b) in pi. 1, 
Fig. 14 (now USNM 38074) is designated as the lectotype. 
Discussion. These specimens were part of a mixture of two taxa. 
Berry (1928b) described the mixture as a single species and Elias (1942) 
continued this practice. I now restrict the name Berriochloa (Stipidium) 
aristata to the single specimen illustrated by Berry (1928b) and referred 
to by Elias (1942). 
Berriochloa aspera Thomasson, sp. nov. 
Diagnosis. Anthoecia oblong; length, excluding callus 2.8-4.7 mm 
long, depth 0.6-1.1 mm, width 0.7-1.2 mm; distance from rear of crown to 
dorsal rib 0.1-0.2 mm; apex of lemma with expanded crown; length of crown 
0.4-0.6 nan, width 0.5-0.6 mm; callus well-developed, greatest length 1.6 
mm. Surface of lemma at low and high magnification characterized by very 
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coarse tubercles over the entire surface except near the base in the 
front, Palea tuberculate, terminating in a very strong prow which pro­
jects forward from the anthoecia at about a 45° angle (Figs. 224-227). 
Type locality and horizon. In the upper % of bed 1 at the sand 
pit which is site 22 at NW%SW% sec. 31, T. 13 S., R. 19 W., Ellis Co., 
Kansas. 
Discussion. This species is closest to B» coloradoensis and sane 
specimens of B. variegata. However it differs from both in the very 
coarse hooks and the stout, projecting prow of the palea. The nature of 
the projecting palea is similar to the condition found in the living 
North American species of Stipa, S^. comata, spartea and S^. neomexi-
cana. The size of the crown is proportionally larger in this species 
with the crown length nearly equaling the anthoecia depth. 
Holotype collection. Holotype, Thomasson No. 22-4, 28 May 1974, 
as cluster 2(1) in FHSM; isotypes Thomasson No. 22-5, 28 May 1974, in 
FHSM, ISC. 
Berriochloa brevis (Ellas) Thomasson, comb, nov. 
Stipidium breve Elias, Geol. Soc. Amer. Sp. Paper 41:81. 1942 
Diagnosis. As given by Elias except for modifications of measure­
ments and newly discovered micromorphological information. Width of 
anthoecia 0.9-1.0 mm, depth 0.7-1.0 mm; distance from rear of crown to 
dorsal rib 0.2-0.3 mm; crown length 0.4 mm, width 0.4-0.5 mm. Surface 
of lemma at high magnification with long cells and hooks. Long cells 
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sinuous with well-developed lobes; lobes generally compound, length of 
lobes always greater than the width of the central body of the cells; 
buttress lobes well-developed around hooks (Figs. 228-231). 
Nomenclature. The type specimens of this species are in the DNSM 
as UNSM-E73. When discovered these specimens were in a vial with a 
piece of cellulose tape on the side that read "3 breve". A label in­
side the vial reads "1. RR. qtiarry at Valentine Stipidim breve photo­
graphed for prow and wart". I have carefully compared the specimens 
with Fig. 1, plate 11 of Elias (1942) and this confirms that these are 
the syntypes of Berriochloa brevis. I have selected one of the speci­
mens as a lectotype. Remaining specimens are considered paratypes. 
Discussion. This species is most similar to Berriochloa nova. 
B. nova is also proportionally longer than B. breve. In addition, B. 
nova has hooks over the entire surface of the lemma, while B. brevis 
does not. See also Elias (1942). 
Berriochloa coloradoensis (Elias) Thomasson, comb, nov. 
Stipidium coloradoense Elias, Geol. Soc. Amer. Sp. Paper 41:80. 1942. 
Diagnosis. As in Elias (1942), with the addition of the following 
micromorphological characters: Lemma with abundant hooks grading into 
broad-based elongated prickles near the summit. "Shadow" of epidermal 
cells can be seen indicating long cells with probable compound lobes 
(Figs. 232-234). 
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Nomenclature. The type collection of this species, which is poor, 
is at UNSM as UNSM-Ell. When found, the specimens were in a glass vial 
with a label inside which read "Stipidium commune early mut. completely 
tuberculate, 39, Wray, Colorado." Careful comparison of the speciments 
with the illustrations of Elias (1942, pl. 8, Figs, 3, 4), indicates that 
these are the syntypes Berriochloa coloradoensis. I have designated from 
these a lectotype. 
Discussion. This collection is very poor. Another collection is 
necessary to determine whether this is a "good" species or only frag­
ments of a previously described one. 
Berriochloa communis (Elias) Thomasson, comb, nov. 
Stipidium cfmmune Elias, Geol. Soc. Amer. Sp. Paper 41:80. 1942. 
Diagnosis. As given in Elias (1942, p. 80), but modified as 
follows: length of anthoecia 2.3-5.5 mm, depth 0.6-1.2 mm, width 0.7-
1.3 mm; distance from rear of crown to dorsal rib 0.1-0.4 mm; crown 
length 0.3-0.6 mm, width 0.3-0.6 sm; callus length 0.6-1.8 mm. The lemma 
and palea at high magnification show a "shadow" pattern of long cells. 
Lobes appear to compound, but this is uncertain. Well-developed hooks 
present on both lemma and palea (Figs. 235-238). 
Nomenclature. The type specimens are in the CNSM as UNSM-E72. 
When found, these speciemens were in a glass vial with a piece of cellu­
lose tape on the side which read "6a comm.". A label in the vial reads 
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"6a-1934-Gordon Creek quarry, bed No, 4 Stipidium commune syntypes". 
There is no doubt that these specimens are the types, I have selected 
a specimen from this collection and designated it as the lectotype. 
Two other collections of B. commune that were studied are the following: 
(1) A collection with no label which is now UNSM-E33; cork reads "39/6". 
These specimens were compared closely with the illustrations of Elias 
(1942) and it was determined that at least some of them were illustrated 
by him (pi. 7, Fig. 4). (2) Another collection that was found without 
a label is now UNSM-E29. A cork in the vial reads "Wray Co.". By de­
tailed comparisons with the illustrations of Elias (1942, pl. 9, Figs. 
3-7) which he labeled "autotypes". Since both these collections of 
specimens were referred to by Elias in his protologue, they might be 
regarded as paratypes. 
Discussion. New collections of this species with strict strati-
graphic controls are needed since it occurs at some of the most signifi­
cant vertebrate quarries in the High Plains. A fossil mentioned earlier 
by Chaney and Elias (1938) as Stipidium 'ITis Berriochloa communis. 
Berriochloa elongata (Elias) Thomasson, comb, nov. 
Stipidium elongatum Elias, Geol. Soc. Amer. Sp. Paper 41:84. 1942. 
Diagnosis. As given in Elias (1942) but dimensions modified as 
follows: Length of anthoecia 4.8-5.4 nnn, width 0.7-1.4 mm, depth 0.6-1.4 
mm; distance from rear of crown to dorsal rib 0.1-0.3 mm; crown length 
0.4-1.0 nm. width 0.5-1.0 mm; callus length 1.1-1,5 osn. 
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Nomenclature. When found the type specimens of this species were 
in a vial with a label that read "50 Wauneta Stipidium G.Careful com­
parison of the specimens with Elias's illustration (1942, pl. 10, Fig. 1) 
confirms that these are the types of Berriochloa (Stipidium) elongata. 
A lectotype has been designated. This collection is at UNSM as UNSM-E25. 
Discussion. As given in Elias (1942). This species differs only 
slightly from Berriochloa nebraskensis but the collection of B. nebras­
kensis is of such small size and poor quality that a differentiation is 
doubtful. 
Berriochloa grandis (Elias) Thomasson, comb, nov. 
Stipidium grande Elias, Geol. Soc. Amer. Sp. Paper. 41:86. 1942. 
Diagnosis. As given by Elias (1942). Lemma surface at high magni­
fication with long cells possessing well-developed lobes; lobes simple or 
compound, always longer than the width of the central area of the cells 
(Figs. 239-242). 
Nomenclature. The type collection is at UNSM as UNSM-EIO. When 
found, the specimens were in a vial with a label which read "39-9 
Stipidium grande, Biorbia fossilia, Krynitzkia auriculata." Comparison 
of the specimens with the illustrations of Elias (1942, pi, 14, Fig. 5) 
confirms that these are the syntypes. This is a mixed collection contain­
ing specimens of two Boraginaceae, Biorbia fossilia and Krynitzkia 
auriculata. A paratype collection is also in UNSM as UNSM-E71. A 
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cellulose tape on the side of the vial reads "17 S. grand". Two separate 
labels were present in the vial. One reads "39-8, X2, Stipidium grande 
Beaver Cr., Decatur Co., Kansas," and the other reads "sec. 2, T. 15., 
R. 29W., figured, Stipidium grande." This is the "smaller variety" of 
Elias as comparison of the collection with Elias's illustrations shows 
(Elias, 1942, pl. 14, Fig. 6). 
Discussion. See Elias (1942). 
Berriochloa kansasensis (Elias) Thomasson, comb, nov. 
Stipa Kansasensis Elias, Univ. Kans. Sci. Bull. 20:344. 1932. 
Stipidium Kansasense Elias, Geol. Soc. Amer. Sp. Paper 41:81. 1942. 
Diagnosis. As given in Elias (1942). 
Nomenclature. The type collection is very fragmentary but a compar­
ison with the illustrations confirms these are the "cotypes" designated 
by Ellas. A label in the vial containing the specimens read on one side 
"Stipa Kansasensis Ellas, cotypes. Abt. 80' below algal Is., Ogallala", 
and on the reverse "SW 1/4, NW 1/4 sec. 4, T. 12 S., R. 42 W., Wallace 
Co., Kansas". A piece of cellulose tape on the vial reads "9 S. Kans." 
and a green circle "4". This collection is now in UNSM as UNSM-E70. 
Discussion. Also see Ellas (1942). This collection Is extremely 
poor. 
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Berriochloa minima Elias (Thomasson), comb, nov, 
Stipidium oc Chaney and Elias, Carnegie Inst. Wash. Publ. 476:7. 1938. 
nam. nud. 
Stipidium minimum Elias, Geol, Soc. Amer. Sp. Paper 41:77. 1942. 
Diagnosis .-—A.3 given in Elias (1942). 
Nomenclature. The types collection of this species is at UNSM as 
'UNSM-E69. A label in the collection vial reads "Sheep Creek cotypes 
Stipidium minimum"; a piece of cellulose tape on the side of the vial 
"15 min m" and a green circle "2". These are without doubt the syntypes 
of Elias (1942, pl. 6, Figs. 1-4). I have designated a lectotype and 
the remainder may be considered paratypes. 
Discussion. See Elias, 1942. 
Berriochloa naruhea Thomasson, sp. nov. 
Diagnosis. Shape of anthoecia oblong; length, excluding callus, 
2.7-5.5 ma, depth 0.8-1.3 mm; distance from rear of crown to dorsal rib 
0.2-0.4 mm; lemma terminating in an expanded crown; crown length, 0.4-
0.6 mm, width 0.4-0.5 mm; fragments of sharp callus to 1.1 mm; awn frag­
ments square in cross section, 0.3-0.4 mm thick; fragments recovered 
had a maximum lenth of 1.0 mm, whole awns were apparently much longer. 
Surface of lemma at low magnification with hooks usually covering the 
entire surface but sometimes restricted to as little as upper 3/4, the 
base and margins of the lemma in front often smooth. High magnifica­
tion reveals sinuous long cells with we11-developed lobes; lobes simple 
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or slightly compound, tips of lobes obtuse, not usually expanded, but­
tress lobes strongly-developed around hooks. No short cells observed. 
Papea we11-developed, terminating in an evident prow; surface of palea 
with hooks and at high magnification epidermis like that of the lenma 
(Figs. 243-247). 
Type locality and horizon. In the upper 10 cm of bed 1 at site 4, 
NE%NE%; sec. 26 T. 10 S., R. 18 W. Rooks Co., Kansas. 
Discussion. This species is very similar to Berriochloa communis. 
However the width and depth are proportionally greater in B. naruhea. 
In B. naruhea the lemma is more completely covered with hooks which are 
also coarser than in B. communis. The specific epithet of B. naruhea 
is a contrived name, of no scientific significance. 
Holotvoe collection. Kolotype, Thcmssson No. 4-10, 28 May 1973 
as cluster 1, in Sternberg Memorial Museum (FHSM) ; isotypes, Thomasson 
No. 4-11, 28 May 1973, in FHSM, ISC. 
Berriochloa nebraskensis (Elias) Thomasson. comb, nov. 
Stipidium nebraskense Elias, Geol. Soc. Amer. Sp. Paper 41:85. 1942. 
Diagnosis. As given in Elias (1942). 
Nomenclature. The type collection is now at UNSM as UNSM-E5. A 
label in the vial reads on one side "photographed" and on the reverse 
"Wauneta S^. nebraskensis. Panicum elegans mut.". This was a mixed 
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collection when found. Comparison of the Berriochloa-like specimens 
with the illustrations of Elias (1942) confirms that they are the syn-
types of Berriochloa (Stipidium) nebraskensis. I have selected a lecto-
type and excluded specimens not belonging to this species. 
Discussion. See Elias (1942). Also see discussion of Berriochloa 
elongata in this paper. 
Berriochloa nova (Elias) Thomasson, comb, nov. 
Stipidium novum Elias, Geol. Soc. Amer. Sp. Paper 41:78. 1942. 
Diagnosis. As given in Elias (1942). 
Nomenclature. The type specimens of Berriochloa nova are now at 
UNSM as UNSM-E2. When originally discovered this collection was in an 
unlabeled glass vial with a cork which read "34.8". Detailed comparisons 
of the specimens with the illustrations of Elias (1942, pl. 8, Fig. 1) 
confirms these as the types of Berriochloa nova. A lectotype has been 
designated from these specimens. This collection was mixed, containing 
some specimens of Berriochloa primaeva. I have excluded the latter. 
Discussion. See Elias (1942). Also see discussion of Berriochloa 
brevis in this paper. 
Berriochloa tuba (Elias) Thomasson, comb, nov. 
Stipidium tubus Elias, Geol. Soc. Amer. Sp. Paper 41:84. 1942. 
Stipidium tubus Elias var. laeve Elias, Geol. Soc. Amer. Sp. Paper 41:84. 
1942. nom. nud. 
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Diagnosis. As given by Elias (1942). 
Nomenclature. The type specimens are now at UNSM as UNSM-E67. When 
found these specimens were in a vial with a label which read on one 
side, "Stipidium N tubus Wauneta", and on the reverse Stipidium elongatum 
8 S. tubus"; a cellulose tape on the side of the vial read "13, 14"; and, 
a green circle read "11". Comparison of the specimens with the illus­
trations of Elias (1942, pl. 10, Fig. 4) confirms these as the type 
specimens of Berriochloa tuba. A lectotype has been selected. The vari­
ety designated by Elias is placed in synoncsny with B. tuba. The speci­
mens of his taxon are at UNSM as UNSM-E68. A label in the vial reads on 
one side "Stipidium laeve var. laeve type" and on the reverse "N. cent, 
sec. 34, T. IS., R. 14 W. (27 crossed and 14 inserted) Smith (Decatur Co. 
crossed out) Kans."; a piece of cellulose tape reads "13a laeve"; and a 
green circle "3". These specimens were not illustrated and hence this 
name was a nomen nudum. 
Discussion, See Elias (1942). 
Section Parastipidium Elias 
• Berriochloa hirsuta (Elias) Thomasson, cmb. nov. 
Stipidium hirsutum Elias, Geol. Soc. Amer. Sp. Paper 41:89. 1942. 
Diagnosis. As given in Elias (1942). 
Nomenclature. There are two collections of fossils at UNSM which 
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by comparison with the illustrations of Elias (1942) are syntypes. Col­
lection IJNSM-E4 are those specimens designated by Elias which come from 
Pliohippus draw and are illustrated on pi. 6, Fig. 5A (Elias, 1942). A 
label in the vial reads "44, Stipidium hirsutum". The second collection 
designated by Elias as syntypes is IINSM-E27. A label in the vial reads 
on one side "7-22-1939 Aphelops Draw, Coll. by Scherer 23' below vole, 
ash. at B." and on the reverse "with B. primaeva". These are the speci­
mens illustrated on pi. 6, Fig. 5 (Elias, 1942). A lectotype was desig­
nated from this collection. The remainder of both collections should be 
considered paratypes. 
Discussion. See also Elias (1942). Both UNSM-E4 and UNSM-E27 
were originally found mixed. Neither collection is very large and new 
collections of this species are needed to further define its character­
istics. 
Berriochloa schereri Elias var. marslandensis (Elias) Thomasson, comb, nov. 
Stipidium schereri Elias mut. marslandense Elias, Geol. Soc. Amer. Sp. 
Paper 41:89. 1942. 
Diagnosis. As given in Elias. 
Nomenclature This collection was in a vial with no label when 
found, A number of the cork reads "39-8a". A detailed comparison of 
the specimens with the illustrations of Elias confirms that this is the 
type collection of Berriochloa schereri Elias var. marslandensis. A 
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lectotype has been designated. The specimens are now in UNSM as IINSM-
E28. 
Discussion. See Elias (1942). 
Berriochloa ventricosa (Elias) Thomasson, comb, nov. 
Stipidium ventricosum Elias, Geol. Soc. Amer. Sp. Paper 41:90. 1942. 
Diagnosis. As given by Elias (1942). 
Nomenclature The types of this species were found in a vial with 
no label. A cork in the vial read "39-6a". An investigation of the col­
lection revealed that it was the mixed collection figured by Elias (1942, 
plate 7, Fig. 1). The collection collection contained specimens of B. 
brevis and B. communis as well as the syntypes of B. ventricosa. I have 
excluded the specimens of the former two species from the types of 3. 
ventricosa and I have also designated a lectotype. 
Discussion. See Elias (1942). 
Genus Nassella Desvaux 
Diagnosis. The genus Nassella is characterized by small, short 
broad, nearly terete, indurated anthoecia. The margins of the palea com­
pletely overlap and enclose the greatly reduced palea (not seen in fossil 
Nassella). The short awn may be centrically or eccentrically attached 
and is either readily deciduous, persistent, or only tardily deciduous. 
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The callus is short and usually blunt. Micrcmorphologically all species 
of Nassella are characterized by the pattern of epidermal cells on the 
lemma (Fig. 255). The basic "long" cells are reduced nearly to the ap­
pearance of a short cell. Specialized cells may or may not be present. 
Most frequently these are represented as silica-suberin couples or silica 
cells. Hairs and hooks may also be present on the lemma surface. 
Discussion. Nassella is a small genus of the grass tribe Stipeae, 
occurring mainly in South America, but with at least one species occurring 
as far north as Mexico. In some respects the characteristics of 
Nassella overlap with those of some species of Oryzopsis, Stipa and 
Piptatherum, and this has led to a problem of drawing the boundaries of 
these genera (Johnson, 1945b; Parodi, 1947). This is illustrated by an 
examination of the history of the genus Nassella. It was originally de­
scribed by Trinius in 1835 as a section of the genus Urachae. Of the 4 
species he placed in this genus, only two are now included in the modem 
concept of Nassella. Trinius and Ruprecht later (1849) maintained the 
sectional status of Nassella, adding an additional six species to the 
genus, and removing three previously described in the section. Of the 
seven names contained in the section at that time, all but one now remain 
in the genus Nassella independently or as synonyms. By this time too, 
the closely related genera Piptatherum, Oryzopsis and Piptochaetium had 
been reduced to sections of the comprehensive genus Urachne. Desvaux 
(1853) was the first to describe Nassella as a genus, basing it on the 
section Nassella of Trinius. More than 30 years passed before Bentham 
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(1882) reduced Urachne to synonymy under Oiryzopsis, He established the 
new section Euoryzopsts under his genus Oryzopsis, and included Nassella 
and Fiptochaetiim in it. Later Hackel (1890) raised both Nassella and 
Piptochaetiim to generic rank. 
In a discussion of the genus Nassella, prior to describing a single 
fossil species, Elias (1942) reviewed the characteristics of the extant 
genus Nassella. He included in his generic description only those species 
with deciduous awns, yet curiously he compared his fossils to Nassella 
trichotoma, which has a persistent or at least only tardily deciduous 
awn. 
In 1947 Parodi monographed the species of Nassella in Argentina and 
Chile, including references to specimens from Bolivia, Peru, and Ecuador. 
Unfortunately, his monograph only included those specimens of Nassella 
which had deciduous awns, stems with many nodes, and setaceous leaves. 
Species with persistent awns and stems with few nodes, like Nassella 
trichotcma, defining it mainly on the basis of anthoecium characters. 
These included a gibbous lemma, and persistent, twice-geniculate awn. 
Matthei (1965) placed N. lahittei, which has smooth anthoecia, in the 
genus Stipa without referring it to any particular section. Interest­
ingly, Matthei found that this species differed from all other similar 
species of Stipa by possessing 2, rather than 3 lodicules, and by having 
a "epiblasto bien desarrollado". 
Since Parodi (1947) and Corti (1951), most authors have followed 
their combined concepts, including in Nassella those species with decidu­
ous awns and stems with many nodes, while referring similar species, with 
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persistent (often tardily deciduous), twice geniculate awns, gibbous 
anthoecia, few nodes, and setaceous leaves to the genus Stipa (Caro, 
1966). It should be also noted that Nassella species of the former group 
lack a constricted neck while those of the latter group have a well-
developed neck. An exception to the use of these concepts is Reeder and 
Reeder (1968), who present a key to the genera of South American Stipeae. 
The possible relationships and phylogeny of the extant and fossil 
species of Nassella are presented in Fig. 55. This proposal is based 
primarily on micro- and macromorphological characters of the anthoecia. 
I fully expect that this will be modified as further detailed studies of 
living and fossil Nassella are made. This is especially true with re­
gard to a group of Stipa species (S^. tenuis s ima Trin., S^. sauluisensis 
Speg., S_. nidulans Mez., S_. pseudopampagrandensis Caro, among others) 
that I believe may eventually be transferred to the genus Nassella. A 
thorough restudy of Nassella and related Stipa species is urgently 
needed. 
Key to the fossil species of Nassella 
la. Surface of lemna smooth or with hooks restricted to the overlapping 
margin of the lemma 
2a. Hooks completely absent from the lemma N. pohlii 
2b. Hooks restricted to margins of overlapping lemma 
N. fryeleonardii 
lb. Surface of lemma conspicuously covered with hooks 
3a. Anthoecium pyriform, 1.3-1.6 mm long; lemma surface completely 
covered with hooks N. amphora 
N. juncea 
N. chilensis 
anthoecia 
smooth 
N. humllis 
N. johnatonil 
N. pungens 
anthoecia 
pubescent 
N. meyeniana 
N. pubiflora 
N. llnearlfolia 
Recent 
? Pleistocene 
? Pliocene 
spongy crown absent spongy crown 
present 
anthoecia 
terete or slightly 
laterally compressed, 
oblong, obovate, or 
fusiform, hooks 
absent 
neck absent, awn 
readily deciduous and 
species (N. exserta) 
with hooks 
N, exserta N. trichotoma 
anthoecia 
lenticular 
hooks present 
reduction of 
^neck 
neck present, awn 
persistent or only 
tardily deciduous 
lemma with hooks 
N. amphora 
so 
Ul 
Late Miocene-
Early Pliocene N. pohlil N. fryeleonardli N. reynoldsii 
Miocene and 
Older 
Fig. 55. A suggested phylogeny of Nassella 
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3b. Ânthoecitm obovate, slightly laterally compress, 1.6-2.1 
nm long; lemma surface with hooks restricted to the 
medial 1/2-2/3 ....N. reynoldsii 
Nassella pohlii sp. nov. 
Diagnosis. Anthoecia (palea not found preserved) short, later­
ally compressed, and obovate. Length of the anthoecia, excluding the 
short blunt callus, but including the neck, 1.4-2.1 imn; width, 0.7-11. 
mm; depth 0.7-1.3 mm; depth from the rear of the crown to the dorsal rib 
0.3-0.6 mm. Greatest diameter and depth measured at about 3/4 above the 
base. Surface of anthoecia minutely striate or smooth at low magnifica­
tion (ca. 30x). Surface viewed by scanning electron microscopy charac­
terized by vertical rows of long and short cells; long cells greatly 
shortened, possessing ripple walls; short cells crescent-shaped or oval, 
alternating with long cells and appearing possibly to be silica-suberin 
couples. Lemma margins overlap either right or left (see Fig. 258) in 
equal frequencies. The distinct neck slender, not expanded into a crown 
at the apex, possessing a scar to which an awn was apprently attached; 
callus short (0.1 mn) and blunt. No stems or leaves have been re­
covered (Figs. 252-256). 
Type locality and horizon. From approximately the middle of bed 2, 
locality(g) , at JET site 39, NW%SE%SWk Sec. 4, T. 12 S., R. 20 W., Ellis 
Co., Kansas. 
Additional occurrences. (1) A single specimen was collected in the 
Fig. 56. Comparison of measured samples of Nassella. 
Open circles, N. pohlii. site 39; open squares, 
N. reynoldsii. site 8; open diamonds, N. 
frveleonardil, site 29; arrows, N, amphora. 
UNSM-Ï166. Numbers with symbols indicate the 
number of specimens measured 
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uppermost 24 inches of bed 1, locality(l), at JRT site 28. (2) A 
single specimen was recovered from the lower 5 feet of bed 4, locality 
(l)> at JRT site 39. (3) Numerous specimens in several clusters were 
collected throughout bed 2 at JRT site 8. (4) At JRT site 9, a few 
specimens were recovered in the upper 4 feet of bed 2 and immediately 
above the marl layer in bed 4, both at locality (Î) a (= in part, graphic 
section 9b). 
Discussion» Nassella pohlii differs from all other fossil species 
of Nassella by the complete absence of any hooks on the surface of the 
lemma. Among fossil Nassella species, it approaches most closely in shape 
N. revnoldsii and N. fryeleonardii. A number of living Nassella spe­
cies are equally smooth. Among these are N. chilensis, N. meyeniana and 
N. iuncea (Figs. 134, 143, 150). Still others are smooth except for 
the presence of hairs on the callus or lemma surface (Figs. 137, 140, 146, 
156). Included here are such species as N. humilis, N. johnstonii, N. 
pxingens and N. pubiflora. However, these living forms lack the distinct 
neck of the fossils, and possess a readily deciduous awn. Probably N. 
pohlii is most closely related to the group of Nassella species charac­
terized by Nassella trichotoma (Fig. 160). Additional similar species 
of Stipa that probably should be transferred to this group of Nassella 
include nidulans. S. pseudopampagrandensis, S^. sanluisensis and £. 
pampeana. 
This fossil species is named in honor of Dr. Richard W. Pohl, De­
partment of Botany, Iowa State University, who first introduced the 
author to the study of fossil grasses, and whose support and 
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encouragement during the course of this study have been invaluable. His 
contributions to modem agrostology are well-known. 
Holotype collection. Holotype, Thomasson No. 39-51, 11 July 1975 
as cluster B, in Sternberg Memorial Museum (FHSM); isotypes, Thomasson 
No. 39-52 FHSM, ISC, UNSM, USNH. 
Nassella reynoldsii sp. nov. 
Diagnosis. Anthoecia (palea not found preserved) short, laterally 
compressed, obovate. Length 1.5-2.0 mm; width 0.8-0.9 mm; depth 0.8-1.1 
mm; depth from the rear of the crown to the dorsal rib 0.3-0.5 nsn; 
greatest diameter, width and depth are measured at approximately 3/4 the 
length above the base. Direction of overlap of lemma either right or 
left with equal frequency. Surface of the anthoecium with hooks re­
stricted to a distinct band around the medial 1/2-2/3, the lower and 
upper 1/4-1/6 smooth at low magnifications (30 x). At high magnifica­
tion the lemma surface is marked by vertical rows of cells, alternating 
with hooks. Long cells were not observed because of the presence of 
the fossilized cuticle, but at least some specimens clearly indicate 
the presence of silica-suberin couples (Fig. 260). Neck attentuated, 
usually terminating in a small scar, rarely with a portion of awn at­
tached. Awn fragments, when preserved, as long as 0.1 mm and square in 
cross section with minute antrorse trichomes on the edges. No stems or 
leaves have been discovered (Figs. 257-260). 
Type locality and horizon. In the lower exposed portion of bed 1, 
approximately 1 meter below a volcanic ash bed, at JRT site 21, SW%SW% 
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SW%, sec, 29, T. 13 S., R. 19 W. Ellis Co., Kansas. This site slightly 
NE of a small dry pond. 
Additional occurrences» (1) Abundant specimens throughout bed 2 
at JRT site 8. (2) Two specimens were recovered in bed 9, at JRT site 6 
and are tentatively assigned here. (3) A single specimen, readily refer­
able to this species was collected in the upper 50 cm of bed 1 at JRT 
site 28. 
Discussion. Anthoecia of this species are similar in size and 
shape to fossil Nassella pohlii, but differ in the obvious presence of 
hooks. Nassella reynoldsii differs from N. amphora in three respects. 
The lemma in N. amphora is nearly always completely covered with hooks, 
only infrequently is the lower 1/6 smooth. In N. reynoldsii the hooks 
are always restricted to the medial 2/3. The shapes are also distinct 
between the species. The anthoeciam of N. amphora are distinctly pyri-
form (width usually equals depth), whereas those of N. reynoldsii are 
almost always deeper than wide and as a result the anthoecia appear 
slightly laterally compressed. Finally, the lengths of the anthoecia 
are noticeably different. Those of N. amphora are 1.3-1.6 mm, with an 
average of about 1.5 nan, whereas those of N. reynoldsii are 1.5-2.1 mm 
long with an average of approximately 1.8 mm. 
N. reynoldsii is undoubtedly closely related to both N. pohlii and 
N. fryeleonardii, and somewhat more distantly related to N. amphora. 
Among living species, N. reynoldsii seems most closely related to the 
Nassella trichotoma group. 
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This species is named in honor of Dr. Howard C. Reynolds, Division 
of Biological Sciences, Fort Hays Kansas State College whose competence 
in teaching while the author was an undergraduate provided the stimulus 
to pursue taxonomy and agrostology as a career. 
Holotype collection. Holotype, Thomasson No. 21-4, 16 Aug 1973 as 
cluster B, in Sternberg Memorial Museum, FHSM; isotypes in FHSM, and 
ISC. 
Nassella fryeleonardii sp. nov. 
Diagnosis. Anthoecia (palea absent) short, obovate, and slightly 
laterally compressed; length excluding the callus but including the neck 
1.9-2.1 mm; width 1.0-1.2 mm; depth 1.2-1.3 mm; depth from the rear of 
the crown to the dorsal rib 0.5 mm. Greatest diameter and depth measured 
at about 3/4 above the base. Surface of anthoecia at low magnification 
(ca. 30 x) smooth except for distinct hooks at the overlapping margins 
of the lemma. Short cells and greatly reduced long cells visible at 
high magnification. The neck is attentuated and with an apical scar to 
which an awn. was probably attached. The callus is short (0.1 mm) and 
blunt. No stems or leaves have been recovered (Figs* 261-266), 
Type locality and horizon. From the upper part of bed 1, at JRT 
site 29. This horizon occurs as a "mortar" bed below the vertebrate 
quarry at this site. 
Discussion. Anthoecia very similar to those of N. pohlii except 
for the presence of hooks on the overlapping lemma margins. Only three 
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specimens were found, but the fact that none of the hundreds of anthoecia 
of N. pohlii have distinctive hooks indicates that this is a new species. 
This species is named in honor of John C. Frye, and A. Byron 
Leonard, Department of Geology, University of Kansas. Their joint 
studies of the Ogallala Formation throughout the High Plains have con­
tributed to a better understanding of its geology and paleontology. 
Holotype collection. Holotype, Thomasson No. 29-56, 7 August 1974 
as cluster A, in Sternberg Memorial Museum (FHSM); isotypes in FHSM. 
Nassella amphora Elias 
Nassella amphora Elias, Geol. Soc. Amer. Sp. Paper 41:101 (1942) (1, 2). 
Diagnosis. Little can be added to Elias's original description 
(EliasJ 1942). However, scanning electron microscopy resolves more 
clearly hooks and faint vertical rows of short and long cells (Figs. 267-
269) which confirm its correct assignment in this genus. 
Nomenclature The type specimens of this species are at UNSM as 
UNSM-E66. A label in the vial reads on the side "Nassella n. sp. cf. 
N. trichotoma" and on the reverse "N center sec. 32, T. 1 S., R. 14 W., 
N of Reamsville, Smith Co., Kansas"; a cellulose tape on side "30 Nass"; 
and a green circle "10". A lectotype has been designated. 
Occurrences.——One specimen, possibly referable to this species, 
was collected in bed 9 at site 6. 
204 
Discussion.-—The pyriform nature of the anthoecia, their size, and 
the lemma surface completely covered with hooks distinguishes this spe­
cies from all other fossil Nassella species. It appears to be intermedi­
ate between the fossil Nassella species from Ellis County and the extant 
species of Nassella characterized by N. trichotoma. 
TRIBE PANICEAE 
The Paniceae is one of the largest tribes of the Gramineae. Accord­
ing to Hsu (1965), who recently studied the classification of Panicum 
and its allies, it consists of 81 genera and more than 1300 species. 
Within the tribe a number of characteristics unite the genera, and those 
of the spikelet are of considerable significance. According to Hsu: 
the tribe Paniceae is characterized by two-flowered spike-
lets with an indurate upper floret. ... The upper floret 
shows various degrees of definite markings and rugosity in 
certain groups. . . . The surface view of the epidezzis of 
the upper lemma (fertile lemma) would provide a good cri­
terion for delimitation of the genera of the Paniceae. 
It is fortunate that the fossils which have been found and referred 
to this tribe consist of the silicified anthoecia (lemna and palea). 
Genus Panicum L. 
Diagnosis .—Only those characteristics of the florets that are 
normally preserved as fossils, are considered here. Fertile lemma and 
palea indurate, either smooth or rugose; lemma margins inrolled and 
clasping the palea. Apex of the lemma obtuse, cuspidate, or with tuft 
of hairs. Anthoecia dorsally compressed, oval to obovate in outline. 
Lemma with an oblong to square germination lid at the base of the lemma. 
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Scar of attachment oval to crescent-shaped^ with three vascular trace 
scars. 
Discussion, Hsu (1965) reported in his review of Panicum that more 
than 500 species comprising no less than 26 sections may be placed in 
this genus. Some authors (Blake, 1958; Rominger, 1962; Gould, 1974), 
however, have proposed transferring many of these to other genera and 
this may reduce the number of species in Panicum to less than 75 (Clark 
and Gould, 1975). For a detailed analysis and review of the genus 
Panicum and its allies the reader is referred to Hsu (1965). 
Panicum elegans Elias 
Panicum elegans Elias, Geol. Surv. Kans. Bull. 18:110. 1931. nom. nud. 
Panicum elegans Elias, Univ. Kans. Sci. Bull. 20:342. 1932. 
Panicum elegans Elias mut. nebraskense Elias, Geol. Soc. Amer. Sp. 
Paper 41:102. 1942. 
Diagnosis. Anthoecia dorsally compressed, often appearing plano­
convex due to the inflation of the lemma. A prominent palea is exposed 
between the margins of the lemma. Anthoecia 2.2-3.0 mm long; 1.2-2.0 mm 
wide; depth 1.0-1.7 mm. The surface of the lemma perfectly smooth at 
low magnification, long cells visible at high magnification (Fig. 272) 
arranged in the "Ms-type" pattern (see Hsu, 1965); apex of lemma minutely 
cuspidate, the medial cusp as long as 0.1 mm; short cells absent. The 
palea surface appears smooth at low (ca 30x) magnification, but at high 
magnification the distal and proximal portions are characterized by 
simple silicate papillae in regular rows. Two keels, which are usually 
conspicuous, run longitudinally the length of the palea. Upper 1/2 of 
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palea frequently swollen outwards. Base of anthoecium with a crescent-
shaped scar of attachment 0.6-0.7 mm long and 0.2-0.3 mm wide at its 
widest point. Three prominent circular vascular trace scares visible 
in many specimens, the medial scar longer than the two lateral scars. 
Well-developed germination lid present at the base of the lemma on the 
dorsal surface (Figs. 270-280). 
Nomenclature. Fragments \^ich apparently are those of the holotype 
were located in collections at the University of Nebraska. In a vial 
containing the fragments was a label, "Panicum elegans Elias holotype 
figured in 1932, pi. 28, Figs. 2 and 4". This vial is now in UNSM as 
UNSM-E3, but the fragments are too small to be recognizable as the label 
indicates. It must be assumed that the holotype is destroyed. Another 
collection discovered (UNSM-E64) contains the label, "syntypes of 
Panicum elegans Elias, Wallace Co., Kansas, Ogallala, abt. 50' from the 
base 1929". This seems undoubtedly the collection from which Elias 
drew the holotype; unfortunately, all the remaining specimens are also 
very fragmentary. I therefore designate as a neotype the specimen 
Thomasson No. 33-1 now at UNSM. 
Occurrences. (1) In the upper 6 inches of bed 1, locality(T) 
at site JRT site 1. (2) In the lower 1/2 of bed 2, locality (2)at JRT 
site 5. (3) In the lower 1/2 of bed 1, locality(I) , at JRT site 7. 
(4) In the upper 80 cm of bed 4, locality (T)a (= graphic section 9a, in 
part). (5) In the approximate middle of bed 1, site 22. (6) 40 cm above 
contact of beds 1 and 2, at JRT site 31. (7) In the upper 24 cm of bed 1, 
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locality a, at JRT site 30. Note: Graphic section 30 is a composite 
"stacked" section and does not necessarily correspond to the exact local­
ity of this occurrence. (8) 2.2 meters below the contact of beds 1 and 
2, in bed 2, at JRT site 33. (9) In the lower middle part of bed 4, 
locality (l), at JRT site 39. 
Discussion. The relationships of Panicum elegans have been subject 
to question. Elias in his original description (1932, 1942) only ques­
tionably assigned his species to Panicum, noting similarities to other 
genera of the Paniceae. Thus the genus Panicum, as described from the 
fossil record was artificial and heterogeneous, and only implied a broad 
resemblance to this genus. I have examined a large number of genera of 
the Paniceae and more than 200 species of Panicum and found that of 
these, P. elegans is most similar to P. xanthophysum, a species of sandy 
or gravelly soil distributed from Quebec to Manitoba, south to Pennsyl­
vania, West Virginia, and Minnesota (Hitchcock, 1935). The cusps at the 
tip of the lenma in this species, however, are much reduced when compared 
with those of elegans. Other species which might be closely compared 
with P. elegans include P. ravenelii and P. miliaceum. 
Elias (1932) noted that the presence of the cusps on P. elegans 
was more indicative of Setaria than Panicum and this might yet be said. 
In fact, elegans can be compared with magna solely on anthoecial 
characters, and the question arises whether these genera can be separated 
on these basis alone. Provisionally the answer appears to be yes. 
Panicum has a lemmatal pattern of an "Ms-type" in which the longitudinal 
walls are thickened while the transverse walls are not. Setaria has an 
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"ms-type" in which both the longitudinal and transverse walls are equally 
thickened and well-developed papillae occur on the transverse walls. 
Support for recognizing this as a generic distinction also comes from 
Bertsch (1941) who also used the lemmatal pattern in separating the 
genera Panicum and Setaria, On the basis of these observations Panicum 
elegans, which characteristically lacks papillae (a few infrequently occur 
in the lower part of the lemmas near the germination lid) and has the 
"Ms-type" epidermal cells (Figs. 272, 273), is correctly referred to the 
genus Panicum. 
Specimens referable to this species have been found at a number of 
localities in Ellis County. At site 30, all specimens recovered were 
robust. In contrast, specimens recovered at site 33 had a maximum width 
of 1.7 mm, while those at 9 had a maximum width of 1.8 mm. Because of 
the small number of specimens, this may possibly be an artifact of col­
lecting, although eventually the robust specimens may be determined to 
be taxonomically distinct. 
A small oblong to square structure was noted at the base of the 
lemma in many of the fossils, and was determined to be a germination lid. 
Such a structure in extant plants was first noted in Setaria italica 
by Keyes (1949). Subsequently it was pointed out by Blake (1958) in a 
study of genera allied to Panicum. Later Rost and Simper (1975) suirveyed 
a large number of Gramineae in an effort to determine the distribution 
and comparative structure of the germination lid. They found the germi­
nation lid to be restricted in occurrence to the Paniceae, and pro­
nounced this characteristic as diagnostic of the Paniceae. However, 
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Richard W. Pohl has pointed out (personal communication, Iowa State Univer­
sity, 1976) that this is not the case, and my own research has resulted 
in the discovery of a well-developed germination lid on anthoecia of 
Streptochaeta of the subfamily Bambusoideae (Fig. 277). 
Table 8. Comparison of the measurements of Panicum elegans from 
localities in Ellis County 
Site 
number Length 
No. specimens 
Depth Width 
Length 
mean 
(range) 
Depth 
mean 
(range) 
Width 
mean 
(range) 
33 17 14 17 2.7 
(2.4-3.0) 
1.2 
(1.0-1.4) 
1.5 
(1.2-1.7) 
9 7 6 6 2.7 
(2.4-3.0) 
1.3 
(1.1-1.5) 
1.6 
(1.5-1.8) 
31 3 3 4 2.7 
(2.6-2.8) 
1.5 
(1.3-1.7) 
1.9 
(1.7-2.0) 
30 4 1 3 2.6 
(2.5-2.7) 
1.5 2.0 
(1.9-2.0) 
Panicum chasei (Elias) Thomasson, comb, nov. 
Setaria chasea Elias, Geol. Soc. Amer. Sp. Paper 41:103. 1942. 
Panicum eliasii Leonard. Univ. Kansas Ci. Bull. 38(20):1398. 1958. 
Diagnosis. As given in Elias (1942). At high magnification the 
lemma epidermis is characterized by long cells with well-developed simple 
lobes. 
Nomenclature. The syntypes of this species are fragmented speci­
mens discovered in collections at the University of Nebraska. When 
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found, these specimens were in a vial with a number of specimens of a 
species of Berriochloa and two labels. One label read "Berriochloa" on 
one side and on the reverse, "N. Platte R. Nebr. figured". The other 
label read "S. of Behnar., S. side N. Platte River Biorbia I below band 
fe?" (last word illegible). The cork had an inscription, "#24"; a piece 
of cellulose tape on the vial side, "25"; and a small green circle on the 
vial, "5". The vial contained at least part of the syntypes of Setaria 
chasea. These were specimens figured on plate 16 of Elias (1942), as 
determined by a detailed comparison of the individual specimens of the 
collection with the pictures on Fig. 10 of plate 16. The Berriochloa spec­
imens were determined to be Berriochloa minuta of Elias (1942, p. 97, 
occurrence no. (2). I have clearly marked the types of Setaria chasea 
as such, and they are now located at UNSM in collection UNSM-E63 (1). 
The Berriochloa minuta specimens are UNSM-E63 (2). 
Discussion. The fragmentary nature of the type collections shows 
macromorphologically only the presence of cusps at the apex of the lemma, 
and the rugose nature of both the lemma and palea. I have examined by 
light microscopy a fragment of the lemma which shows the lemmatal pattern 
to be of the "Ms-type". In the absence of any other characteristics, 
this evidence is used to refer this species to the genus Panicum. 
Little can be added to the description given for eliasi by Leonard 
(1958) and his description should be referred to for further information. 
His "vertical diameter" is equivalent in my references to lemma depth. 
Leonard listed a maximum length of slightly over 3.0 mm, but I found one 
to be 3.5 mm. Elias gave no quantitative measurements of this taxon, 
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probably because of the fragmented nature of the types. The Leonard 
collections studied are KUMNH 9975 (ÂBL, A. B. Leonard, 752), the holo-
type; and, KUMNH 9976 (ABL, A. B. Leonard, 752), paratypes. 
Occurrences No specimens referable to this species were dis­
covered during the course of this study. 
Discussion. This specimen is transferred to Panicum on the basis 
of the micronorphological characteristics of the lemma discussed in the 
description. 
Genus Graminophy1lum Conventz 
Diagnosis. An organ genus of the Gramineae including leaves and 
epidermal fragments. Long cells and short cells present alternating in 
rows; guard cells around each stoma enlarged at either end, (dumbbell-
shaped) narrowed in the middle; two subsidiary cells present, parallel 
to the guard cells and stomata. 
Discussion. See the historical review section of this thesis for 
a historical sketch of the genus Graminophy1lum. 
Graminophyllum kansasense sp. nov. 
Diagnosis. (Fragments of leaf epidermis; long cells with sinuous 
walls in rows, alternating with short cells; short cells present as silica-
suberin couples, silica cell circular, suberin cell crescent-shaped, 
Stomata in rows, alternating with long cells; guard cells of each stoma 
thickened at each end and narrowed in the middle (dumbbell-shaped), 
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subsidiary cells adjacent to and parallel with the guard cells, low dome-
shaped (Figs. 281-282). 
Type locality and horizon. From the upper % of bed 2, at site 2, 
SW%NE^SW^,' Sec. 4," T. 12 S., R. 20 W., Ellis, Kansas. 
Discussion. These fragments were isolated from the mass occurrence 
of Berriochloa tuberculata illustrated in Fig. 60. There is no doubt 
that these are fragments of a grass leaf as the characteristics of the 
stomata and short cells are those ascribed to members of the Gramineae 
(Metcalfe, 1960; Litke, 1968). On the basis of the short cells paired 
in silica-suberin couples, this is probably a member of the grass sub­
family Festucoideae. 
Holotype collection. Thomasson No. 2-1, 25 May 1973, in the Stem-
berg Memorial Museiss, Hays, Kansas, 
FAMILY CYPERACEAE 
?_ TRIBE SCIRPEAE NEES 
Genus Eleofimbris gen, nov. 
Diagnosis .——An organ genus of the Cyperaceae represented by the 
hulls of achenes. Shape of the achene usually trigonous with one face 
broader than the other two, or planoconvex, Achenes minutely tessellate 
with vertically oriented rectangular depressions, narrowed towards the 
summit, terminating in an expanded style base scar above a slightly con­
stricted neck. The achenes also narrow towards the base, ending in an 
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unexpanded, generally trigonous scar. 
Type species. Eleofimbris svensonii sp. nov. 
Discussion. The name Eleofimbris is proposed for the achenes of a 
member of the Cyperaceae that have been found twice in the late Miocene-
early Pliocene rocks exposed in Ellis County, Kansas. Since the fossils 
can be assigned without doubt to the Cyperaceae, this genus is an organ 
genus. The fossils are most similar to Scirpus, Eleocharis, and 
Fimbristylis. In living forms, the genus Scirpus is separated from 
Eleocharis and Fimbristylis by the absence of a jointed pistil, i.e., the 
ovary and the style are continuous with no line of articulation or con­
striction separating the achene from the style (Koyama, 1961). Eleocharis 
and Fimbristylis have jointed pistils and a distinct line of articula­
tion or constriction is present. In addition, both genera usually have 
enlarged style bases (Svenson, 1957). The genus Eleocharis differs from 
Fimbristylis in a number of morphological characters (Svenson, 1957 ; 
Koyama, 1961; Krai, 1971) and cytology (Koyama, 1961). Eleofimbris fos­
sils possess a triangular scar at the apex of the achene which is ex­
panded above a slightly constricted neck. I interpret this as the point 
at which the style base was articulated with the ovary, hence the fossils 
had a jointed pistil and Scirpus can be eliminated from consideration in 
the assignment of the fossils to a genus. Unfortunately none of the char­
acters which effectively separate Eleocharis and Fimbristylis are pre­
served on the fossils, and they cannot be assigned with certainty to 
either of these living genera. The organ genus Cyperacites established 
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Schixnper (1870) included rhizomes, stems, leaves, flowers, and fruits 
of the Cyperaceae. The single fruit described closely resembled that of 
a species of Cyperus. Pax (1906) described a fossil achene of a member 
of the Cyperaceae which resembled the living genus Kobresia and proposed 
for it the organ genus Cyperocarpus. Although the Kansas fossils might 
be assigned to Cyperacites, which has priority over Cyperocarpus, I have 
not done so for two reasons. First, the Kansas fossils are clearly 
related to a much different group within the Cyperaceae than the fruit 
originally described under Cyperacites. Applying the name Cyperacites 
to them would imply a much closer relationship than is indicated by the 
fossils. Second, the stratigraphie relationship of the Kansas fossils 
with those of Europe is unknown. For the above reasons I have felt it 
necessary to adopt the new genus, Eleofimbris. 
Eleofimbris svensonii sp. nov. 
Diagnosis. Achenes inequilaterally trigonous with one face broader 
than the other two, or plano-convex with one face broader and flattened. 
The length of the achenes, including style base, 0.8-1.1 mm; width 
0.5-0.8 Û5Û across the broadest face; surface smooth to minutely reticu­
late under low magnification (ca 30x). When viewed under the scanning 
electron microscope, a tessellate pattern of epidermal cells with undu­
lating cell walls can be observed (Fig. 287). Style base scar tri­
angular and approximately 0.1-0.2 mm wide. The achenes narrow towards 
the base, but the basal width is always greater than that of the style 
base scar, varying between 0.2-0.25 mm. No seeds or remnants of seeds 
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have been recovered in any of the achenes. 
Type locality and horizon. From approximately the middle of bed 
3, locality (2), at JRT site 5, Sec. 17 T. 12 S, R. 18 W., Ellis 
Co., Kansas. 
Other occurrences. From the lower part of bed 1, locality(Î) 
(silage pit), at JRT site 30, CSL SE%SW% Sec. 9, T. 12 S., R. 18 W., 
Ellis Co., Kansas. 
Discussion. Fossilized achenes of representatives of the Cyperaceae 
are not unconmon in Tertiary strata of the eastern hemisphere. Species 
of the genera Carex, Cladium, Dulichium, and Scirpus have been reported 
from Russia (Dorofeev, 1958, 1969) and Eleocharis (Heleocharis) is known 
from numerous localities in Eurasia (Lancucka-Srodoniowa, 1966). Reports 
of cyperacecus achenes from the Tertiary strata of the western hemisphere 
are much less conmon. Achenes and spikes of Carex and Scirpus have been 
reported from Canada (Penhallow, 1908). Elias (1941) reported a Carex-
like member of the Cyperaceae from Nebraska, but he gave no description, 
and I was unable to locate any specimens in his collections. 
Only the outer walls of the achenes are preserved, but scanning 
electron microscopy shows that features of these walls are preserved in 
exquisite detail. This is especially significant since Schuyler (1971) 
has shown, in a scanning electron microscopy study of the achene epider­
mis in species of Scirpus and related genera, that the epidermal cells 
provide evidence for determining taxonomic relationships. Although de­
tailed comparisons were not attempted with Eleoftmbris, such a study 
216 
might reveal more closely the relationships of the fossils to modem 
species. 
As previously noted, the fossils cannot be assigned to a living 
genus. However, this does not preclude one from comparing the fossils 
with modem species which most resemble them. I have done this both 
through the examination of herbarium specimens and by comparisons with the 
illustrations and descriptions found in studies of Eleocharis (Svenson, 
1929, 1932, 1934, 1937, 1939), Fimbristylis (Svenson, 1957; Krai, 1971), 
and the Cyperaceae in general (Clarke, 1909). The fossils are most 
similar to living species of Eleocharis of the Series Palustriformes. 
Closest among these to the fossils are Eleocharis palmeri and parishii, 
which are chiefly North American, and E. montevidense, which is princi­
pally South American, Comparisons of the Eleofimbris fossils with these 
living species are given in Table 9. 
The species is named in honor of H. K. Svenson, whose monographic 
studies in the genus Eleocharis have contributed greatly to a better 
understanding of this genus. 
Holotype collection. Holotype, Thomasson No. 5-3, 31 May 1973 in 
Sternberg Memorial Museum (FHSM), Hays, Kansas; isotypes, Thomasson No. 
5-8, in FHSM, ISC. 
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Table 9. A comparison of achenes Eleofimbris svensonsii with selected 
species of Eleocharis* 
Taxon Length Surface texture Illustration 
Eleofimbris 0 .8 -1.1 mm Smooth or faintly 
svensonii tessellate 
Eleocharis 1.0 mm Minutely punctulate Shodora 34, pi. 220, 
montevidense Fig. 65; pi . 221, Fig. 
Kunth 8, 9 (as E. arenicola). 
E. palmeri 1 .0 -1.3 mm Nearly smooth Rhodora 34, pi. 221, 
Fig. 110. 
E. parishii 1 .0 -1.2 mm Smooth or faintly Rhodora 34, pi. 221, 
reticulate Fig. 12. 
^ata for Eleocharis ssp. from Svenson (1957). 
FAMILY ULMACEAE 
Genus Celtis L. 
Celtis willistonii (Cockerell) Berry 
Tithymalus willistonii Cockerell, Torreya 9:119. 1909. 
Celtis besseyi Barbour, Univ. Nebr. State Mus. Bull. 8. 1:89. 1925. 
Celtis willistonii (Cockerell) Berry, Amer. Mus. Novicates So. 298: 2. 
1928. 
Diagnosis .—As given by Segal (1966b). 
Nomenclature. Berry (1928a) indicates that the type specimens of 
this species are In the Museum of the University of Colorado. I have not 
confirmed this. 
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Occurrences. (1) In the lower half of bed 4 at site 1. (2) In 
the prominent mortar bed at site 3. (3) At site 5 in bed 2 at localities 
(î)and(2). (4) In the lower 1 m of bed 9, locality (5), at site 6. (5) In 
beds 1 and 5 at site 7 (lower occurrence not shown on Fig. 6, graphic 
section 7). (6) About the middle of bed 2 at site 8. (7) In the upper 
half of bed 2 at site 9. (8) In the lower 20 cm of bed 2, locality (I), 
at site 10. (9) About the middle of bed 1 at site 11. (10) In the lower 
1 m of bed 4, at site 13. (11) In the upper 1 m of bed 1 at site 21. 
(12) In the uppermost exposed mortar beds at site 30. (13) In beds 1 
and 8 at site 32. (14) In the lower 50 cm of bed 4, at site 39. (15) Im­
mediately below the tortoise in Fig. 63, in bed 2, at site 41. 
Discussion. See Segal (1966b). Reports of the endocairps of 
Celtis species from the Tertiaries of North America are common (Hatcher, 
1902; wanless, 1923; Chaney, 1925; Elias, 1842; Clark, Beerbower, and 
Kietzke, 1967, among others). They have also been reported from the 
Tertiaries of Europe (Knobloch, 1969). 
FAMILY BORAGINACEAE 
Genus Prolithospermum Elias 
Prolithospermum Elias, Geol. Soc. Amer. Sp. Paper 41:105. 1942. 
Diagnosis. As given in Elias 1942 with the following additions 
on micromorphology. Epidermal cells of nutlets with sinuous walls; 
cells irregularly shaped and arranged. 
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Type species. Prolithospermum johnstonii Elias. 
Discussion. See discussion of Eliasiana. 
Key to the Species of Prolithospermum 
1. Nutlet surface smooth; lateral ridge absent .... P. johnstonii 
1. Nutlet surface reticulate; prominent lateral ridge present .... 
P. grossii 
Prolithospermum johnstonii Elias 
Prolithospermum johnstonii Elias, Geol. Soc. Amer. Sp. Paper 41:105. 
1942. (1, 2). 
Diagnosis. As given in Elias with the addition of dimension and 
features of micromorphology. Nutlets 2.5-3.0 mm long, depth (height) of 
nutlets 1.9-2.5 nsn, width 1.8-2.4 ss. At low magnification, nutlets 
smooth; at high magnification, with a pattern of irregularly lobed and 
arranged epidermal cells. Lobes of epidermal cells simple, scmewhat 
angular (Figs. 306-310). 
Nomenclature. The type collection of Elias has not been recovered = 
A single vial was found around which the following note was attached "I 
was not able to find the complete sample from which the photograph pi. 
15, Fig. 10 (X3) has been made (Elias, 1942 spec. Pap. No. 41, g.s.A). 
Probably I have misplaced this sample, and shall try to find it again. 
However, the single nutlet photographed for the paper of 1946 was 
selected from this same sample, and may be considered holotype of the 
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species. In the vial is a smaller sample collected and identified subse­
quently in Nebraska. M.K.E., Jan. 1953." Inside the glass vial were two 
labels. One reads on one side "% mi N of Gus and Johnson 4 mi SSW of 
Sharon Spr." and on the reverse "Berriochloa minuta"; the second label 
reads on one side "Prolithospermum minima, Berriochloa minuta, Birobia 
fossilia" and on the reverse "% mi N of Gus and Johnson, 4 mi SSW of Sharon 
Springs." Apparently the vial referred to by Elias in 1953 is not in 
this collection. In the collection are three specimens or fragments 
of Biorbia fossilia. one fractured specimen of Berriochloa minuta, and 
other fragments, one of which appears to be the base of a Prolithospermum 
sp. Since the holotype and all its duplicates are either destroyed or 
missing, I am designating a neotype. The neotype is Thomasson Nc. 6-18, 
12 August 1975, now at UNSM. 
Occurrence. (1) In bed 1, site 2 as clusters J and R, 5 July 1975 
and unlettered collection 9 July 1975. (2) A number of collections in 
the lower 100 cm of bed 9, locality at site 6. Neotype comes from 
this collection. (3) At site 9a in bed 2, 1.2 m below the contact of 
beds 1 and 2; in lower bed 5 (=bed 5 at site 9a) of site 9b about 35 cm 
above the contacts of beds 4 and 5. (4) At site 42 in upper bed.6 as 
clusters E, F, and G, 2 August 1975. 
Discussion. Elias (1942, p. 122) believed this species to be a 
transitional form between Birobia fossilia and Lithospermum linearifolium. 
I have found occurrences of Prolithospermum johnstonii well below those 
of Biorbia fossilia and I do not accept his interpretation. It appears 
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to me that if species of the genus Prolithospermxm can be related to liv­
ing species, then they are best related to forms such as the European 
Anchusa sentpervirens L. possibly through or along with Eliasiana 
aculeata sp. nov. See also discussion of Prolithospermum grossii, sp. 
nov. and Eliasiana aculeata, sp. nov. 
Neotype collection. Neotype, Thomasson No. 6-18, 12 August 1975, 
at UNSM with the Elias "seed" collections. 
Prolithospermum grossii, sp. nov. 
Diagnosis. Nutlets asymmetric, either right or left, shape ovate; 
alar projection (= ventral keel) distinct, gibbous at the base at the 
site of the attachment of the nutlet to the gynobase; lateral ridge also 
present; scar of attachment funnel-shaped; length of nutlets 2.8-3.1 mm, 
depth (height) 2.0-2.4 mm, width 2.0-2.3 mm; surface of nutlet reticu­
late at low magnifications; at high magnification with an epidermal 
pattern of irregular cells with complex lobes (this may be a pseudo-
epidermal pattern due to solution or some other unknown factor) (Figs. 
311-313). 
Type locality and horizon. In bed 1 at site 2, SW^jNE%SW^ Sec. 4, 
T. 12 S., R. 20 W., Ellis Co., Kansas, as cluster R, 5 July 1975. 
Discussion. This species is most similar to P. johnstonii except 
for the presence of a distinct lateral ridge in addition to the ventral 
keel and the reticulate nature of the nutlet surface. In these charac­
teristics P. grossii also closely resembles B. fcssilia but the gibbous 
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nature of the base of the ventral keel and the tubular nature of the 
scar of attachment clearly refers it to Prolithospermum. 
The species is named in honor of Mr. Harold Dean Gross, Hays, Kansas 
who accompanied and assisted the author during many collecting trips, 
including the one on which this taxon was discovered. 
Holotype collection. Holotype Thomasson No. 2-4, 5 July 1976, in 
Sternberg Memorial Museum (FHSM), Hays, Kansas; isotype at ISC. 
Genus Biorbia Elias 
Biorbia Elias, Univ. Kans. Sci. Bull. 20:350. 1932. (1, 2). 
Diagnosis. As given by Elias (1932) and emended by Segal (1966c) 
with the addition of new information on micromorphology. Surface of nut­
lets at high magnification with irregularly lobed and arranged epidermal 
cells; lobes simple. 
Type species. Lithospermum fossilium var. rugosum Berry. 
Discussion, See Elias (1932) and Segal (1966c). 
Biorbia fossilia (Berry) Cockerell 
lithospermum fossilium var. rugosum Berry, U.S. Nat, Mus. Proc. 73:1. 
1928. 
Celtis microendocarpica Brooks, Carnegie Mus, Ann. 18:299. 1928, 
Biorbia rugosa (Berry) Elias, 1931, State Geol. Surv. Kans., Bull. 
32:150. 1931, nom. nud. 
Biorbia rugosa (Berry) Elias, Univ. Kans. Sci. Bull. 20:350. 1932, 
comb. nov. 
Biorbia fossilia (Berry) Cockerel!, Torreya 33:15. 1933, comb. nov. 
Biorbia fossilia (Berry) Elias, Geol. Soc. Amer., Spec. Paper 41:106. 
1942, comb, nov. 
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Biorbia fossilia (Berry) Cockerell var. parvula Segal, Univ. Kans. 
Sci. Bull. 46:499. 1966. 
Biorbia levis Segal, Univ. Kans. Sci. Bull. 46:499. 1966. 
Biorbia levis Segal var. minima Segal, Univ. Kans. Sci. Bull. 46:500. 
1966. 
Diagnosis. As given by Elias (1932) with the following modifica­
tions and additions. Dimensions of nutlets extremely variable; length 
1.9-3.4 mm, depth 1.3-2.5 mm, width 1.4-2.5 mm; surface of nutlet at low 
magnifications reticulate to smooth, at high magnifications with epider­
mal cells with sinuous walls. Lobes of cell walls simple (Figs. 314-
319). 
Biorbia fossilia is an extremely variable taxon. It is not possible 
to assign collections to one or another "species" of previous authors with 
any degree of confidence. There is extreme intergradation in such fea­
tures as length and rugosity of nutlets. Environment may have had an 
influence on the size of nutlets in some samples. Table 10 indicates 
the ranges of variation of nutlet size, surface texture, and symmetry 
of nutlets from a number of sites. 
In discussions with A. B. Leonard (personal communication. Univer­
sity of Kansas, July, 1976) he pointed out that there is some question 
as to the validity of the species name Biorbia fossilia (Berry) 
Cockerell. The species was originally proposed by Berry (1928b) as the 
species Lithospermum fossilium with three varieties, vars. rugosum, 
aristatvBi. and glabrum. While it is true that Berry gave no direct 
species description under the species name, he did give varietal de­
scriptions. By the rules of botanical nomenclature one of the varieties 
must be named Lithospermum fossilium var. fossilium, but Berry did not 
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Table 10. Texture, size, and nutlet torsion in selected samples of 
Biorbia fossilia nutlets. U, upper; M, middle; L, lower; 
R, reticulate; S, smooth; I, intermediate between reticulate 
and smooth; R/L, right/left nutlet ratio (obscured in some 
specimens) 
Site 
Bed 
number 
Length 
range 
Length 
mean 
No. of 
nutlets 
Surface 
texture 
R/L 
ratio 
4 LI 2.2-2.5 2.25 86 R 41/46 
6 L9 2.1-2.9 2.49 28 R 12/16 
21 LI 1.9-2.3 2.13 50 R 26/24 
22 Ml 2.1-3.0 2.58 100 R 50/50 
24 - - 2.4-3.4 3.04 96 R,S,I 42/54 
30 M1(D 2.3-2.9 2.58 53 R 24/25 
30 Ul(3)a 2.4-3.0 2.70 43 R,S 19/17 
30 n2(D 2.4-2.8 2.62 32 R 9/7 
30 U2(Db 2.1-2.6 2.35 38 R 21/17 
30 Ul(2)c 2.4-3.1 2.75 68 R 31/37 
39 U2(3)a 2.0-2.5 2.17 100 R 48/52 
39 U2(3)c 2.1-2.6 2.25 72 R 31/39 
44 2.5-3.3 2.71 100 R,S,I 37/63 
46 L6 2.7-3.2 2.98 30 R,S 12/18 
46 M7 2.5-3.0 2.75 26 S 13/13 
46 L8 1.9-2.5 2.15 35 R,S 17/18 
indicate one as such. At this point it would be possible to do as 
Dr. Leonard has suggested and select the first later available valid 
name, Celtis microendocarpica Brooks, which would become Biorbia 
microendocarpica (Brooks) Leonard. However Biorbia fossilia is a name 
which has been used regularly for 35 years and this would seem an unde­
sirable course of action. There appears to be another solution. I 
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have excluded elsewhere the varieties arista turn and glabrtm and thus the 
single variety rugosum remains, ^ ich must new be considered as the vari­
ety fossilium. As such, the description of Lithospermum fossilum var. 
fossiliam is both a description of the variety and the species and the 
name Biorbia fossilia (Berry) Cockerell can be retained. This procedure 
is the best interpretation of the rules of nomenclature which will accom­
plish the goal of all nomenclature—the stabilization of names. 
Genus Cryptantha Lehm. 
Discussion. See Segal (1964). 
Cryptantha corcniformis (Elias) Segal 
Krynitzkia (Cryptantha) coroniformis Elias, Univ. Kans. Sci. Bull. 20:356. 
1932. 
Cryptantha coroniformis (Elias) Segal, Trans. Kans. Acad. Sci. 67:203. 
1966. 
Diagnosis. LAs given by Elias (1932) and Segal (1966a) with the 
following additions. Nutlet length 1.9-2.4 mm, depth (height) 1.0-1.4 
mm, width 1.2-1.7 mn. At high magnifications epidermis characterized by 
irregular cells possessing well-developed lobes; lobes simple or compound, 
tips expanded, obtuse (Figs. 288-293). 
Occurrences.—(1) In bed 1 at site 1. (2) In upper bed 2 at site 
47. Occurrences (1) and (2) both Ellis County, Kansas. (3) Approxi­
mately 3 meters below the top of the exposed beds at site 47, at the 
religious monument on the SE edge of Wray, Yuma County, Colorado. 
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Nomenclature. The types of this species are in UNSM as E7. When 
found the collection contained a label which read on one side, "Krynitzkia 
coronifomis Elias, holotype and paratypes abt. horizon of vertebr. de­
scribed by H. J. Cook" and on the reverse "W. line sec. 12, T. 2 S., R. 
43 W., Yuma Co., Colorado". The holotype and paratypes were mixed so I 
have selected a lectotype. 
Discussion. See Elias (1932, 1942) and Segal (1966a). 
2^. Cryptantha auriculata (Elias) Segal 
Krynitzkia auriculata Elias, Univ. Kans. Sci. Bull. 20:358. 1932. 
Cryptantha auriculata (Elias) Segal, Trans. Kans. Acad. Sci. 67:203. 
1966. 
Diagnosis. As given in Elias (1932) and Segal (1966a). See Figs. 
294-296. 
Nomenclature. The types, or at least part of than, are at UKSMH 
as UKSMH unnumbered collection. A label in the vial reads "181 W4, T. 
12, R. 42, Wallace Co., Kans. Krynitzkia intermedia Elias n. sp. frag­
ments of types". In the UKSMH they are labeled "Cryptantha auriculata, 
fragments of types, Maxim K. Elias 181". The handwriting on the label 
in the vial appears to be that of Dr. Elias and these are undoubtedly 
part of the types of C. auriculata. I have selected a lectotype. 
Occurrence. (1) In the upper 1 meter of bed 6 at site 42. 
Discussion. See Elias (1932) and Segal (1966a). This species was 
found only once high in the P. johnstonii-N. pohlii Zone. Nearly all 
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nutlets are halves, perhaps indicating rodent damage. 
Cryptantha parvicarpa Thomasson, sp. nov. 
Diagnosis. Nutlets triangular-ovate, acute at the apex; ventral 
scar of attachment triangular, extending the length of the nutlet; base 
rounded; nutlet length 1.6-1.9 mm, depth (height) 1.0-1.2 mn; width 
1.1-1.5 mm; surface of nutlet tuberculate (Figs. 297-299). 
Type locality and horizon. In bed 2 at site 9c, in the NW%NW%; 
Sec. 3, T. 12 S., R. 20 W., Ellis Co., Kansas. 
Discussion. This species of Cryptantha differs from all other 
species in the small size of the nutlet. The stratum from which these 
nutlets comes lies below the Hamburg local fauna (Zehr, 1974). 
Holotype collection. Holotype Thomasson No. 9-14, 31 July 1974, 
in Sternberg Memorial Museum (FHSM); isotypes, Thomasson No. 9-15, in 
FHSM, ISC. 
Eliasiana gen, nov. 
Diagnosis.——An organ genus represented only by nutlets ; nutlets 
asymmetrically inflated, ovoid in shape; two prominent keels present, a 
main ventral keel and a less prominent lateral keel; lateral keel turns 
either right or left resulting in left or right nutlets; surface of 
nutlet reticulate and minutely aculeate. Scar of attachment funnel-
shaped , narrowing into a small deep hole in the center; rim of scar 
flared. 
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Discussion. This genus appears to combine the characteristics of 
both Biorbia and Prolithospermum. It differs from Biorbia in the posses­
sion of a funne1-shaped scar and from Prolithospermum in the base of the 
alar projection not obviously gibbous. It is quite similar to scxne 
species of the living genus Anchusa. The genus is named in honor of 
Maxim K. Elias, the father of modem paleoagrostology, who pioneered the 
studies of fossil "seeds" from the High Plains Tertiary deposits. 
Type species. Eliasiana aculeata sp. nov. 
Eliasiana aculeata sp. nov. 
Diagnosis. Nutlets ovoid, asymmetrically inflated, length 1.9-2.5 
mm, width 1.7-2.0 mm, depth 1.5-1.9 mm; base swollen, tapers to an obtuse 
apex; alar projection (ventral keel) prominent arises at a funnel-shaped 
scar, extends over the apex and then turns right or left forming a prom­
inent lateral ridge which connects with the funnel-shaped scar; surface 
of nutlet rugose with reticulate ridges, at high magnifications aceulate; 
scar of attachment funnel-shaped, neck of scar not constricted nor dis­
tinctly gibbous at the base (Figs. 300-305), 
Type locality and occurrence. In bed 2 at site 47 SW%SE% Sec. 6, 
T. 12 S., R. 20 W., Ellis Co., Kansas. 
Discussion. This species is similar to both Biorbia fossilia and 
Prolithospermum johnstonii and P. grossii. However from Biorbia fossilia 
it differs in the distinct funnel-shaped scar; from Prolithospermum 
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johnstonll and P. grossii it differs in the lack of a distinct gibbous 
protuberance near the scar of attachment at the base of the alar projec­
tion (ventral keel). It appears to combine the characteristics of species 
of both Biorbia and Prolithospermxm. This taxon was not found in asso­
ciation with either Biorbia fossilia or Prolithospermum spp. and may 
represent an evolutionary intermediate between these and the nearest 
living taxon. In this regard Eliasiana aculeata sp. nov. is very simi­
lar to and probably a proginator of species closely related to Anchusa 
sempervirens « This living species has a funnel - shaped scar with a 
flared rim, and surface features which relate it immediately with the 
fossil Eliasiana aculeata sp. nov. E. aculeata possibly represents the 
ancestors of taxa that migrated to Europe from North America but became 
extinct in North America. 
Holotype collection. Thomas son No. 47-1, 22 December 1975, as 
cluster A; in Sternberg Memorial Museum (FHSM) ; isotypes, 47-2 in FHSM, 
ISC. 
Prolappula gen, nov. 
Diagnosis. organ genus of the Boraginaceae represented by nut­
lets. Nutlets oblong-triangular when viewed from the ventral side and 
triangular in cross section. Nutlets with three faces, the dorsal face 
(disk) broadest with two marginal ribs to which barbed hairs are attached. 
The two lateral faces (sides) taper to a ventral keel. Ventral keel run­
ning the entire length of the nutlet, apparently representing the scar 
of former attachment of the nutlet to the gynophore. Two small lateral 
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keels diverge at right angles to the ventral keel at the base of the nut­
let. Base of nutlet slightly rounded to almost tmincate. Surface of 
nutlet (sides, disk, and base) minutely tuberculate. 
Type species. Prolappula verrucosa sp. nov. 
Discussion. The name Prolappula is proposed for the nutlets of a 
member of the Boraginaceae which have been found once in late Miocene-
early Pliocene rocks exposed in Ellis County, Kansas. Living genera which 
have nutlets similar to this genus are Lappula, Hackelia, Tianschaniella, 
and Eritrichium. However, the ventral keel, representing the attachment 
of the nutlet to the gynobase of the parent plant, is present the entire 
length of the nutlet only in Lappula. In Hackelia, Trianschaniella, and 
Eritrichium, the scar is medial. The actual scar on the nutlet through 
which the vascular trace passes is termed the cicatrice (Popov, 1953). 
Species of the genus Lappula have a basal cicatrice, whereas species of 
Hackelia, Trianschaniella and Eritrichium have a medial cicatrice. The 
cicatrice on Prolappula verrucosa is basal. Another important distinc­
tion among these genera is the sh^e of the gynophore. However, neither 
the gynophore nor any other reproductive or vegetative parts preserved 
on the fossils. Therefore, even though these fossils are undoubtedly 
closely related to Lappula. I have chosen to place them in the new genus 
Prolappula. 
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Prolappula verrucosa sp. nov. 
Diagnosis. Nutlets oblong-triangular in ventral view; triangular 
in cross section. Nutlets slightly distorted, but dimensions as follows: 
length 1.5-1.8 mm, depth 1.0-1.1 nm, width 0.8 mm. Nutlets three-faced; 
one face (disk) broader than the other two. Simple or compound barbed 
hairs 0.2-0.3 mm long present on the slightly thickened margins of the 
disk. Lateral faces taper to a ventral keel which nxns the entire length 
of the nutlet; at the base lateral keels arise at right angles to the 
ventral keel. Base of nutlet slightly rounded to almost truncate. Sur­
face of nutlets tuberculate on all faces at low magnifications (ca 30x); 
high magnification reveals abundant bulbous tubercles from which secon­
dary protuberances arise (Fig. 323). Scattered, broad-based, elongated 
prickles with secondary protuberances also present (Fig. 323). No vege­
tative material has been recovered (Figs. 320-323). 
Type locality and horizon. From the lower 20 inches of bed 4, of 
site 9, east wall of northernmost roadcut along federal-aid-secondary 
(FAS) highway 231, WL SW^^%, Sec. 3, T. 12 S., R. 20 W., Ellis Co., 
Kansas (Fig. 59). 
Discussion. There are no previous reports of fossils similar to 
these from any geologic strata. Among living forms the fossils are most 
similar on the basis of gross morphology to species of Lappula, particu­
larly L. occldentalis (S. Wats.) Greene and L. redowskli (Homem.) Greene. 
However, the fossils differ from these in the base of the nutlet being 
almost truncate, and in the possession of two short lateral keels at 
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the base of the ventral keel. On microscopic characters Prolappula 
verrucosa nutlets (Figs. 320-323) are very similar to L. redowskii 
(Figs. 328-331) and L. texana (Schule) Britt. (Figs. 324-327). 
Prolappula verrucosa differs from the latter two species in the posses­
sion of tubercles which have many secondary cylindrical protuberances 
as opposed to few. In addition, the protuberances of the elongated 
prickles in P. verrucosa are cylindrical (Fig. 323), whereas those of 
Lappula redowskii (Figs. 329, 331) and Lappula texana (Fig. 326) are dis­
tinctly pustule-bearing. 
Holotype collection. Thomasson No. 9-10, 23 December 1974, in 
Sternberg Memorial Museum (FHSM) ; isotypes, Thomasson No. 9-11, in FHSM, 
ISC. 
"Daimonelix" 
Daimonelix is an obsolete generic name that was applied by Barbour 
(1892, 1897) to a varied assortment of fossil burrows, caliche stringers, 
and plant roots. The structures originally described were eventually 
proven to be the large corkscrew burrows of large fossorial beavers, 
Paleocastor spp, and in fact skeletons have been found in seme burrows. 
Schultz (1942) has given an excellent review of the history of the 
"Daimonelix" problem in which are contained copious references. 
Among the remains identified as "Daimonelix" by Barbour are some 
which are undoubtedly of a vegetable origin. Barbour (1897) described 
and illustrated two such groups of aggregations of "Daemonelix" which 
he termed cakes, fingers, and balls. I have found identical structures 
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at numerous localities in Ellis County (Fig. 61). Usually they occur 
in well-sorted silts. Altogether these structures appear much like algal 
mats or balls which I have seen quite frequently along modem streams, 
where they are found in flooded depressions on floodplains. However, 
close examination of the remains reveals the presence of secondary 
branches on many of the fibers. These cakes, balls, and fingers of 
"Daemonelix" are undoubtedly masses of roots and in fact many individ­
ual roots appear very similar to seminal roots of many germinating grasses. 
The origin of the masses themselves are not known. Possibly they are 
fecal ejections of some sort or burrow "fillings". Their restricted 
occurrence in well-sorted silts in Ellis County appears to indicate a 
specific depositional environment, possibly on the margins of streams 
or on thé floodplains. 
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XII. APPENDIX A: TYPE SPECIMENS OF PIPTOCHAETIUM EXAMINED 
The following type specimens of Piptochaetium were examined in 
studies of the North American species. 
Piptochaetium angustifolium (Hitchc) Valencia & Costas; 
MEXICO: COAHUILA: Palmer 726, July 25, 1905 (US,GH). 
Piptochaetium avenaceoides (Nash) Valencia & Costas; UNITED STATES: 
FLORIDA: G. V. Nash 2051, June 16-30, 1895 (TEX). 
Piptochaetium brevicalyx (Foum.) Ricker; MEXICO: SAN LOUIS POTOSI: 
C. C. Parry and E. Palmer 959; 1878 (ISC). 
Piptochaetium fimbriatum (H.B.K.) Hitchc; MEXICO: Humboldt, Bonpland, 
and Kunth 4224, 1815 (US). 
Piptochaetium fimbriatum (H.B.K.) Hitchc. var. confine Johnston; 
MEXICO: COAHUILA: I. M. Johnston and C. H. Muller 486, August 20-26, 
1940 (TEX). 
Piptochaetium pringlei (Beal) Parodi; MEXICO: CHIHUAHUA: C. G. Pringle 
1410, October 5, 1887 (US, NY). Smooth form. 
Piptochaetium seleri (Pilger) Heur; GUATEMALA: : HUEHUETENANGO: Seler 
3238, September 11, 1896 (US). 
Piptochaetium virescens (H.B.K.) Parodi; MEXICO: Humbolt, Bonpland, 
and Kunth 4255, 1833 (US). 
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XIII. APPENDIX B : SPECIMENS OF LIVING GRAMENEAE EXAMINED 
The following specimens of living grasses were examined during the 
course of this study. Those numbers marked with a single asterisk are 
voucher specimens for light microscopy; those marked with a double 
asterisk are voucher specimens for scanning electron microscopy studies. 
Aristida basiramea Engelm. 
UNITED STATES: IOWA: Wapello Co. A. Hayden 10962*, October 3, 1938 
(ISC). 
Aristida capillacea Lam. 
COSTA RICA: GUANACASTE: Pohl & Davidse 11525*, December 4, 1968 (ISC). 
Aristida jorullensis Kunth. 
COSTA RICA: GUANACASTE: Pohl & Davidse 11444*, November 14, 1968 (ISC). 
Aristida longiseta Steud. 
* 
UNITED STATES: IOWA: Plymouth Co. M. L. Grant 11614 , August 4, 1952 
(ISC) 
Aristida temipas Cav. 
COSTA RICA: GUANACASTE: Pohl & Davidse 11438*, November 14, 1968 (ISC). 
Nassella chilensis (Trin.) E. Desv. 
** 
CHILE: ACONCABUA: Bertero 456, June, 1835 (NY); J. L. Morrison 16912 , 
December 15, 1938 (NO, US); Mr. and Mrs. J. N. Rose 19401, October 22, 
1914 (NY,GH). 
ANTOFAGASTA: I. M. Johnston 5206, November 29, 1925 (US). 
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CERRO: C. Grandjot, November, 1932 (MO). 
COLCHAGUA: M. M. and E. W. D. Holway 12, September 5, 1919 (US). 
SANTIAGO: G. Looser 293, October 26, 1924 (GH); G. Looser 772, October 7, 
1928 (GH); G. Looser 780, October 7, 1928 (GH); Montero 198 , November 1, 
1927 (GH); J. L. Morrison 16780, December.8, 1938 (MO); H. A. Senn 4495, 
November 29, 1948 (NY). 
VALPARAISO: Bro. Claude 3511, October, 1925 (US); H. A. Senn 4503, 
November 29, 1948 (MO). 
PERU: AREQUIPA: T. G. Tutin 1003, April 20, 1937 (NY). 
Nassella exserta Phil. var. exserta 
ARGENTINA: CHUBUT: A. Burkart 19777*, February 3, 1955 (US). 
CHILE: CONCEPCION: E. V. Barros 5372, December 6, 1944 (US); F. Jaffuel 
1359**, December, 1930 (GH); F. Jaffuel 3960**, November, 1937 (GH). 
SANTIAGO: G. T. Hastings 175, November 23, 1900 (NY). 
Nassella exserta var. asperata Parodi 
CHILE: SAITTIAGO: H. G. Luer 18548*, October 23, 1950 (US); H. A. Senn 
4529, November 30, 1948 (MO); H. A. Senn 4533 , November 30, 1948 (NY). 
Nassella fuscescens Phil. 
CHILE: CONCEPCION: E. V. Barros 5387*, November 26, 1944 (US); E. V. 
Barros 5400, November 26, 1944 (US); Bro. Joseph-Claude 184, November, 
1925 (US); Bro. Joseph-Claude 4299, December, 1928 (US). 
CURICO: E. V. Barros 5358, January 9, 1939 (US). 
MALLECO: R. A. Philippe 563, no date (US). 
SANTIAGO: H. L. Gunckel 20840, November 16, 1951 (US). 
Nassella humilis Phil. 
CHILE: COQUIMBO: E. V. Barros 5370 ' , September 29, 1944 (US). 
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Nassella johnstonii Parodi 
CHILE: ANTOFAGASTA: I. M. Johnston 5408, December 1, 1925 (GH); I. M. 
Johnston 5731*»**, December 14-15, 1925 (GH, US). 
Nassella jxincea Phil. 
CHILE: CAOTIN: H. Gunckel 12937, June 11, 1942 (US). 
CUKICO: Bro. Joseph-Claude 4241, January, 1928 (US). 
VALDIVIA: H. Gunckel 12529, January 31, 1947 (US); H. Gunckel 12543, 
January 28, 1941 (US); P. A. Hollermayer 1235, February, 1942 (TABS); R. 
Philippi, 1888 (US); E. Wesdermann 1864*'**, November, 1927 (US). 
Nassella linearifolia (Fourn.) Pohl ined. 
COSTA RICA: CARTAGO: Pohl & David se 11414*, November 8, 1968. 
GUATEMALA: QUEZALTENANGO: M. E. Koninck 133, July 55, 1953 (SC). 
MEXICO: TLAXCALA: C. G. Pringle 8596, August 30, 1901 (ISC). 
Nassella meyeniana (Trin. and Rupr.) Parodi 
ARGENTINA: JUJUY: Venturi 8726, March 28, 1929 (GH) ; L. R. Parodi 9609 
February 15, 1931 (US); Venturi 9385**, no date, (MO). 
BOLIVIA: LA PAZ: 0. Buchtien 157, June 28, 1906 (US); 0. Buchtien 8842 
February 20, 1931 (MO); M. M. and E. W. D. Holway 418, March 18, 1920 
(ISC). 
* ** 
SUCRE: H. Cardenasianum 505 ' , April, 1933 (US). 
TUNGURAHUA: M. A. Solis 9247, Derember 1, 194/: (r,). 
PERU: CUZCO: R. C. Alfaro 149, May 15, 1968 (ISC). 
PUNO: T. G. Tutin 1003, April 20, 1937 (NY). 
Nassella pubiflora (Trin. and Rupr.) E. Desv. 
ARGENTINA: LA RIOJA: L. R. Parodi 8013, February 5, 1927 (US). 
BOLIVIA: LA PAZ: 0. Buchtien, February, 1913 (GH, US); 0. Buchtien 156 
February 9, 1919 (GH, MO); 0. Buchtien 366, December 21, 1918 (GH) ; 
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0. Buchtien 8541, January 22, 1931 (MO, GH); 0. Buchtien 8842, February 
20, 1931 (MO); 0. Buchtien 9309, April 25, 1933 (GH); A. S. Hitchcock 
22579, December 14, 1923 (US); G. Mandon 1270, March, 1818 (US, MO, GH, 
NY). 
** 
POTOSI: Cardenasianum 400 , February, 1933 (US). 
ECUADOR; CHEMBORAZO: E, Asplund 6782, June 10. 1939 (NY); E. Asplund 
6884, June 13, 1939 (NY); A. S. Hitchcock 20686 , July 19, 27, 1923 (NY); 
M. A. Solis 21172, July 23, 1952 (US). 
COTOPAKI; M. A. Solis 10114, July 3, 1945 (US). 
PICHINCHA; C. Firmin 274, no date (US); M. A. Solis 11263, October 29, 
1945 (US). 
PERU; AREQUIPA; A. S. Hitchcock 22438, November 22, 1923 (US). 
CUZCO: R. C. Alfaro 337, no date (ISC); A. S. Hitchcock 22503, December 
2, 1923 (US); M. M. and E. W. D. Holway 744, June 20, 1920 (ISC, US); 
H. H. litis and D. & V. Ugent 978, December 30, 1962 (ISC). 
HOANUCG; G. Black 46-697, December 20, 1946 (US). 
JUNIN: A. S. Hitchcock 22164*, October 24, 1923 (NY, US); A. S. Hitchcock 
22178, October 25, 1923 (GH, NY); E. R. Killip and A. C. Smith 21930, 
April 20-22, 1929 (NY); E. P. Killip and A. C. Smith 21931, April 20-22, 
1929 (US); R. Ferreyra and P. Hitchinson, 8264, April 8, 1952 (ISU,US); 
R. Ferreyra and P. Hitchinson 808280, April 8, 1952 (US). 
LA LIBERIAD; S. M. Lopez 0981, June 8, 1953 (US). 
LIMA; A. A. Beetle R-19, February 14, 1968 (TABS); T. H. Goodspeed, 
H. E. Stork and 0. B. Horton 11607, April 22, 1939 (US, MO); E. P. Killip 
and A. C. Smith 21643, April 15-17, 1929 (US, NY). 
MCQUEQUA: A. Weberbauer 7339, March 3, 1925 (US). 
PUNO: H. Ellenberg 421, March 27, 1957 (US); T. G. Tutin 972, April 19, 
1937 (MO, NY); T. G. Tutin 1004, April 20, 1937 (NY); D. and V. Ugent 
4546, March 27, 1963 (ISU). 
Nassella pungens E. Desv. 
CHILE; ANTOFAGASTA; I. M. Johnston 5628*»**, December 11, 1925 (GH, US); 
E. V. Barros 5364, September 26, 1940 (US); E. V. Barros 5365, September 
26, 1941 (US). 
COQUIMBO; E. V. Barros 5360, October 3, 1941 (US); Bro Joseph-Claude 
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4796, September, 1927 (US). 
Nassella trichotoma (Nees) Hack, ex Arech. 
* 
ARGENTINA; Locality unknown: L. H. Pammel, 1905 (SC 82552) . 
BUENOS AIRES: 0. Boelcke and E. Micora 8197, December 1, 1959 (MO); 
0. Boelcke, 0. Ma^thei and M. N. Correa 9289, November 11, 1962, (MO); 
C. Calderon 2553 , November 9, 1962 (MO). 
URUGUAY: RIO NEGRO: T. Meyer 7529, December 20, 1944 (NY). 
SORIANO: B. Rosengurtt 227, November 27, 1935 (ISC). 
Oryzopsis asperifolia Michx. 
* 
UNITED STATES : MINNESOTA: St_. Louis Co. 0. Lakela 19815 , June 16, 
1956 (ISC). 
Oryzopsis coerulescens (Desv.) Hack. 
CYPRUS: L. F. Merton 726*, May 4, 1967 (ISC). 
Oryzopsis exieua Thurb. 
* 
UNITED STATES: IDAHO: Idaho Co. A. R. Krunkeberg 3201 , August 1, 1952. 
(ISC). 
Oryzopsis hymenoides (R. & S.) Ricker 
* 
UNITED STATES: COLORADO: Gilpin Co. J. R. and N. Thomas son 811 , 
June 21, 1975 (ISC). 
Oryzopsis micrantha (Trin. & Rupr.) Thurb. 
* 
UNITED STATES: COLORADO: Boulder Co. R. W. Pohl 7383 , June 19, 1955 
(ISC). 
Oryzopsis racemosa (J. E. Smith) Ricker 
*fc 
UNITED STATES: PENNSYLVANIA: Lehigh Co. H. W. Pretz 9071 , August 26, 
1917 (ISC). 
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Piptochaetium angolense R. A. Phil 
CHILE: VALPARAISO: E. Gunther 54*, 1926 (US). 
Piptochaetiim angustifolium (Hitchc.) Valencia and Costas 
* ** 
MEXICO: NUEVO LEON: L. H. Harvey 1038 ' , June 25, 1939 (GH). 
Piptochaetium avenaceum (L.) Parodi 
UNITED STATES: ALABAMA; Lee Co. F. S. Earle, April 12, 1901 (NY); F. S. 
Earle and C. F. Banker, April 10, 1897 (NY, MO); F. S. Earle and C. F. 
Baker, April 9, 1898 (NY); F. S. Earle and L. M. Underwood, April 11, 1896 
(NY); F. S. Earle and L. M. Underwood, May 1, 1896 (NY); A. S. Hitchcock 
1318, April 29, 1906 (ISC). 
ARKANSAS: Drew Co. D. Demaree 14586, April 21, 1937 (ISC). Garland Co. 
D. Demaree 19003, April 30, 1939 (MO, NY); E. J. Palmer 24541, April 25, 
1924 (MO). Howard Co. J. R. Kellogg 246, March 18, 1909 (MO); D. M. 
Moore 420066, May 3, 1942 (TEX). Ouachita Co. A. Fendler, May, 1850 
(MO). Sevier Co. D. Demaree 36586, May 3, 1955 TAES). 
CONNECTICUT: New Haven Co. J. A. Allen, June 14, 1877 (GH) ; C. H. 
Bissell 397, June 20, 1899 (GH, NY). New London Co. E. J. Alexander, 
June 19, 1936 (NY). 
DELAWARE: County not known: W. M. Canby, June, 1861 (NY). New Castle Co. 
W. M. Canby, June, 1861 (GH, NY); W. M. Canby, June, 1972 (NY); A. Commons, 
June, 1864 (NY) . 
DISTRICT OF COLUMBIA: J. R. Churchill, May 16, 1889 (MO); T. H. Kearney, 
May 23, 1897 (NY); G. Vasey, May 31, 1889 (MO). 
FLORIDA: County not known: ?. Sugel, 1842 (MO). Alachua Co. Rev. H. 
O'Neill 491, April 19, 1925 (MO). Ba^ Co. R. F. Martin 1651, May 28, 
1940 (NY); S. M. Tracy 9392, April 29, 1908 (TAES, GH, MO). Brevard Co. 
A. H. Curtiss 5834, March 20, 1897 (NY). Desoto Co. J. K. Small and 
J. B. Dswinkeler 9587, April 18, 1920 (NY). Duval Co. A. Fredholm 5092, 
April 18, 1902 (GH); H. D. Keeler, 1870-1876 (NY). Gadsden Co. J. W. 
Wooten 2356 , April 6, 1974 (ISC). Hernando Co. G. R. Cooley and J. 
Monachino 5642, March 17, 1958 (NY); R. Krai 2065, March 10, 1956 (GH). 
Highlands Co. L. J. Brass 15991, March 15, 1946 (GH). Jackson Co. R. S. 
Mitchell 946 (MO). Lake Co. G. V. Nash 2051, June 16-30, 1895 (NY). 
Leon Co. R. K. Godfrey 53052, March 28, 1955 (GH, NY); R. K. Godfrey and 
H. Kurtz 54463, March 14, 1956 (GH, NY). St. John's Co. D. S. and H. B. 
Correll 8825, April 3, 1938 (GH). 
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GEORGIA: Ben Hill Co. W. R. Faircloth 5079, April 27, 1968 (MO). 
Columbia Co. W. H. Duncan 9485, May 5, 1949 (GH). Decatur Co. R. W. 
Pohl 9110, April 9, 1962 (GH, ISC); R. F. Thorn and W. C. Muenscher 2592, 
March 31, 1947 (MO). Dekalb Co. H. Eggert, May 7, 1897 (NY, ISC, MO); 
L. M. Perry, E. S. Boyd and M. C. Myers 442, May 6, 1933 QiO) ; L. M. 
Perry and M. C. Myers 748, April 28, 1934 (NY, GH); J. K. Small 74, 
August 1-6, 1895 (GH). Early Co. R. F. Thome 3348, April 25, 1947 (NY). 
Harris Co. S. B. Jones 20703, April 25, 1971 (GH). Lincoln Co. A. 
Cronquist 4311, April 19, 1947 (NY, MO). Lowndes Co. W. R. Faircloth 
5798, April 24, 1969 (MO). Rabun Co. D. Isely, S. L. Welsh 10285*, May 
9, 1967 (ISC). Screven Co. A. Cronquist 5014, April 17, 1948 (GH, MO, 
NY). Upson Co. A. Cronquist 4347, April 26, 1947 (GH). Walker Co. 
A. Cronquist 4432, May 10, 1947 (NY, GH, ISC). Whitfield Co. A. Cron­
quist 5075, April 24, 1948 (GH, NY). 
KENTUCKY: McCreary Co. E. L. Braun 942, June 14, 1935 (NY, GH). 
LOUISIANA: Parish not known: J. W. Thieret 19497, April 16, 1965 (TEX). 
Claiborne Parish. L. H. Skinners 22462, April 21, 1956 (GH). 
Natchitoches Parish. E. J. Palmer 7316, April 21, 1915 (MO). Ouachita 
Parish. R. Krai 8749, May 1, 1959 (GH); R. D. Thomas and Botany 318 class 
38930, May 7, 1974 (ISC). Red River Parish. G. B. Van Schaack, April 17, 
1957 (MO). Union Parish. R. Krai 8674, April, 1959 (GH). Winn Parish. 
Cooley and Brass 3697, April 24, 1955 (GHO. 
MARYLAND: County not known; A. Chase, June, 1905 (MO, GH). Anne 
Arundel Co. F. J. Hermann 11435, June 1, 1945 (GH); F. H. Sargent, May 
14, 1949 (FHSM). Loundoun Co. C. R. Sail 707, May 30, 1900 (NY, ISC, 
MO, GH). Montgomery Co. S. F. Blake 6842, May 19, 1918 (TEX); S. F. 
Blake 9468, June 19, 1926 (TEX); E. L. Morris 1565, May 30, 1903 (TEX, 
GH). Worcester Co. R. R. Tatnall 3755, May 20, 1938 (GH). 
MASSACHUSETTS: County not known: J. R. Churchill, July 12, 1884 (MO). 
Barnstable Co. A. A. Eaton and F. E. Gray**, June 20, 1903 (TEX); J. M. 
Fogg, Jr. 2224, June 27, 1929 (MO); R. Hoffmann, July 11, 1917 (MO). 
Dukes Co. E. P. Bickness 11350, June 30, 1913 (NY); S. Harris, July 3, 
1898 (GH); A^ B. Seymour. June 18, 1911 (MO, ISC); F. C. Seymour 1060, 
July 1, 1916 (GH, NY). Essex Co. C. H. Know1ton, June 11, 1904 (GH); 
T. Morong, June 20, 1876 (NY); T. Morong, June, 1877 (MO); Young, June 11, 
1877 (NY). Nantucket Co. C. W. Swan, July 13, 1888 Ô^O). Suffolk Co. 
J. R. Churchill, July 17, 1883 (TAES); J. R. Churchill, June 17, 1885 
(MO, NY); C. E. Taxon, June 22, 1878 (GH); G. G. Kennedy, June 24, 1902 
(ISC). 
MICHIGAN: Kalamazoo Co. L. H. Harvey 1854, June 8-9, 1941 (TEX, TAES, 
GH, ISC, MO, NY); G. Thurber, July, 1838 (GH). Kent Co. G. Fyfe and 
J. Shaddick 3489, June 14, 1896 (TEX). 
MISSISSIPPI: County not known: E. Hilgard, April, 1859 (MO); S. M. 
Tracy 4544, March 27, 1898 (TAES); M. S. Skehan, April 19, 1895 (MO). 
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Harrison Co. W. A. Silveus 3962, April 19, 1939 (TEX); W. A. Siveus 
5661, August 19, 1940 (TEX). Jackson Co. S. M. Tracy, March 25, 1892 
(TAES, NY); S. M. Tracy, April 19, 1895 (NY): S. M. Tracy 4544, April 
6, 1900 (GH, MO NY). Lowndes Co. S. McDaniel 1811, May 9, 1960 (NY, MO). 
Yazoo Co. G. R. Cooley and A. S. Pease 3247, March 24, 1955 (GH). 
MISSOURI: County not known: J. Galen 449, June 7, 1884 (MO). 
NEW JERSEY: County not known: E. H. Eames, June 14, 1894 (NY); P. D. 
Rnieskem, no date (GH, NY); W. H. Leggett, June, 1882 (NY); K. K. Macken­
zie 5407, May 31, 1915 (NY); J. H. Redfield 9317, June 16, 1866 (MO). 
Atlantic Co. E. J. Peters, May 30, 1887 (NY). Bergen Co. S. H. Bum-
ham 1169, May 29, 1903 (GH). Bronx Co. E. R. Bicknell 11349, June 23, 
1881 (NY). Burlington Co. F. J. Hermann 3201, June 9, 1932 (MO, NY); 
F. J. Hermann 4198, May 25, 1933 (GH, MO). Camden Co. B. Long 18688, 
May 22, 1918 (GH); C. F. Parker, June 1, 1866 (MO). Cape May Co. W. M. 
Benner 7121, May 23, 1936 (GH). Gloucester Co. N. L. Britton, June 9, 
1888 (ISC). Hunterdon Co. C. A. Gross 3419, June, 1883 (NY). Jefferson 
Co. W. C. Ferguson 6789, June 10, 1928 (NY). Madison Co. W. C. 
Ferguson 6832, July 9, 1928 (NY). Middlesex Co. M. A. Chrysler, June 
11, 1935 (ISC); K. K. Mackenzie 3109, May 30, 1908 (NY, MO); K. K. Mac­
kenzie 3972, May 16, 1909 (MO, NY). Salem Co. C. D. Lippincott 129, 
June 3, 1894 (GH, NY). 
NEW YORK: New York Co. Carey, 1841 (MO). Richmond Co. A Hollick, June, 
1878 (NY). Rockland Co. W. C. Ferguson 7578, June 16, 1929 (NY). 
Suffolk Co. W. C. Ferguson 3232, June 23, 1925 (NY); W. C. Ferguson 3939, 
June 23, 1925 (NY); w. C. Ferguson 5751, June 21, 1927 (NY); W. C. 
Ferguson 6735, June 26, 1928 (NY); W. C. Ferguson 6819, July 7, 1928 (NY); 
W. C. Ferguson 6826, July 8, 1928 (NY); W. C. Ferguson 6838, July 10, 
1928 (NY); R. Latham 4087, June 20, 1927 (NY); E. S. Miller, June 17, 
1873 (NO). 
NORTH CAROLINA: Beaufort Co. I. F. Lewis 48, 1906 (NY). Caswell Co. 
C. R. Bell 11890, May 22, 1958 (GH). Durham Co. W. V. Brown 2158, 
May 22, 1940 (TEX). Granville Co. R. K. Godfrey 3598, April 20, 1938 
(GH) c I^mett Co. H. Laing 1146, May 8, 1957 (TEX). Macon Co. W. A. 
Silvers 7079, June 12, 1941 (TEX). Montgomery Co. D. Isely, S. L. 
Welsh and D. Isely 10,342, May 11, 1967 (ISC). New Hanover Co. J. R. 
Churchill, April 21, 1923 (GH); J. R. Churchill, April 25, 1923 (GH). 
Orange Co. D. S. Correll 353, May 6, 1935 (GH, TEX); A. E. Radford 
767a, April 20, 1946 (NY). Person Co. C. R. Bell 12348, June 2, 1958 
(NY). Rowan Co. J. H. Horton 820, April 12, 1957 (ISC). Wake Co. 
J. M. Fogg, Jr. 5452, April 15, 1933 (GH); R. K. Godfrey, April 21, 1937 
(GH); R. K. Godfrey 3686, April 23, 1938 (NY). Wayne Co. R. L. Wilbur 
6706, May 4, 1962 (TEX). 
OKLAHCMA: County not known: H. E. Hazard, May 18, 1936 (GH). 
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PENNSYLVANIA: Cawder Co. J. B. Brinton, May 26, 1889 (ISC). Lebanon 
Co. J. J. Carter, June 12, 1908 (NY). Lancaster Co. J. Galen 3419, 
June-July, 1884 (GH, MO). 
RHODE ISLAND: Bristol Co. J. F. Ollins, June 1, 1903 (GH). 
SOUTH CAROLINA: Beaufort Co. J. R. Churchill, May 2, 1917 (GH, MO); 
A. Cuthbert 120, May 1, 1899 (NY). Charleston Co. H. E. Ahles and J. G. 
Haesloop 22010, April 2, 1957 (TEX). Dorchester Co. B. L. Robinson, 
April 3, 1912 (GH). Horry Co. C. A. Weatherby and L. Griscom 16401, 
April 21, 1932 (GH) ; C. A. Weatherby and L. Griscom 16409, April 8, 1932 
(GH). Laurens Co. C. R. Bell 5597, April 12, 1957 (GH); H. H. litis 
et al. 23,032, April 20, 1965 (MO). Lee Co. A. S. Hitchcock 809, April 
15, 1903 (GH, NY, MO, TEX). Oconer Co. May 4, 1942 (MO); A. P. Anderson 
1183, May 9, 1897 (ISC). Richland Co. K. A. Taylor, May, 1890 (GH). 
TENNESSEE: County not known. A. Ruth 311, May, 1895 (GH). Blount Co. 
W. A. Anderson, May 8, 1929 (GH). Bradley Co. L. R. Hesler and R. J, 
Sharp 1098, May 26, 1934 (NY). Franklin Co. H. K Svenson 10246, May 10, 
1939 (GH, MO, NY). Knox Co. A. Ruth 101, April, 1898 NY, MO); A. Ruth 
330, April, 1897 (NY). Morgan Co. H. M. Jennison, May 26, 1928 (GH). 
Roane Co. U. F. and C. A. Weatherby 6234, May 12, 1933 (GH). 
TEXAS: County not known. E. Hall 765, April 16, 1872 (MO, NY); H. 
Raveriel 20, April 16, 1869 (MO). Angelina Co. V. L. Cory 7983, April 
13, 1934 (GH); F. W. Gould 7412, April 5, 1957 (TAES); J. Reverchon 
4128, May 5, 1903 (NY, GH, MO). Brazos Co. H. B. Parks, April 8, 1947 
(TEX). Grises Co. W. A. Silvers 1558, May 11- 1937 (TEX): B- C. Tharp 
et al. April 20, 1920 (TEX). Hardin Co. V. L. Cory 52798, April 9, 
1947 (NY). Harris Co. H. Eggert, April 20, 1899 (MO); E. J. Palmer 
33322, April 15, 1928 (GH); B. C. Tharp 866B, March 27, 1927 (TAES, TEX, 
MO, NY). Houston Co. F. W. Gould 5945, April 28, 1951 (TEX); L. H. 
Shinners 30210, June 29, 1964 (TEX). Jasper Co. L. H. Sinners 7029, 
March 21, 1945 (GH). Limestone Co. L. H. Shinners 22885, April 28, 1956 
(TEX). Montgomery Co. L. H. Shinners 18277, April 8, 1954 (ISC); W. A. 
Silvers 6942, August 18, 1941 (TEX). Nacogdoches Co. B. C. Tharp, 
April 27, 1953 (TEX). Polk Co. E. J. Palmer 5154, April 9, 1914 (MO): 
E. J. Palmer 5248, April 14, 1914 (MO). Robertson Co. F. W. Gould 7420, 
April 7, 1957 (TAES, TEX); J. M. Inglis 295, April 30, 1951 (TAES); L. H. 
Shinners 7157, April 10, 1945 (TAES). San Jacento Co. S. Hartman 1306, 
April 11, 1974 (TAES); R. Lonard 1771**, March 24, 1967 (TAES). Tyler 
Co. B. C. Tharp, B. L. Turner and M. C. Johnston 54831, June 1, 1954 
(TEX). Walker Co. F. W. Gould 8589, April 22, 1959 (TAES) ; K. M. and 
M. C. Wiegand, March 27, 1935 (GH); S. E. Wolff 4974, April 13, 1934 
(TAES). 
VIRGINIA; Accomack Co. H. A. Gleason 8537, June 14, 1940 (NY). 
Culpepper Co. H. A, Allard 2677, May 16, 1937 (GH, NY). James City Co. 
E. J. Gume 2616, May 29, 1920 (NY). Lancaster Co. F. J. Hermann 10584, 
June 9, 1940 (NY). Norfolk Co. T. H. Kearney Jr. 1102, May 11, 1898 
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(ISC); E. B. Noyes, May 6, 1911 (MO). Pittsylvania Co. J. K. Small 
and A. A. Heller, June 3, 1891 (NY). Prince William Co. F. R. and L. F. 
Randolph 176, June 14, 1922 (GH). Princess Anne Co. N. L. Britton and 
T. K. Small, May 26, 1893 (NY); M. F. Femald and L. Griscom 4299, May 4, 
1935 (GH). Roanoke Co. C. E. Wood, Jr. 5862, June 3, 1946 (GH). 
Rockbridge Co. J. R. Churchill, May 30, 1891 (MO). Rockingham Co. L. 
Artz 859, July 7, 1949 (GH). Shenandoah Co. L. Artz 805, May 23, 1948 
(GH). Southampton Co. B. Long and M. L. Femald 9814, May 22, 1939 (GH) . 
Sussex Co. B. Long and M. L. Femald 7760, April 9, 1938 (GH, NY). 
Piptochaetium avenaceoides (Nash) Valencia and Costas 
* 
FLORIDA: Brevard Co. A. H. Curtiss 5834 , March 20, 1897 (ISC, MO, GH); 
A. Fredholm~57Z5**, March 20, 1903 (MO, NY, GH). Highlands Co. F. W. 
Hunnewell 8921**, March 3, 1924 (GH). Hillsborough Co. W. A. Silveus 
5710, April 25, 1940 (TEX). Osceolo Co. A. H. Curtiss, 1885 (NY); 
D. E. and M. S. Eyles 8048, April 12, 1942 (GH). Palm Beach Co. A. R. 
Moldenke 1352 (TEX). 
Piptochaetium bicolor (Vahl) E. Desv. 
ARGENTINA: BUENOS AIRES: C. M. Hicken 68, December 5, 1930 (GH) ; H. 
Humbert 21354, October 31, 1948 (US); L. R. Parodi 5946, November 15, 1924 
(GH). 
URUGUAY: ARTIGAS: Millot 543, October 22, 1961 (US). 
MONTEVIDEO: Berro 8748, November, 1917 (ISC). 
SAN JOSE: B. Rosengurtt 1122, November 18, 1934 (ISC). 
ic ** 
SORIANO: Gallinal et al. PE-725 * , December, 1937 (GH); Rosengurtt 
PE-153, November 21, 1936 (ISC). 
Piptochaetium brevicalyx (Foum.) Ricker 
MEXICO: CHIAPAS: E. R. Sohns 553, September 22, 1953 (TAES). 
HIDALGO: A. S. Hitchcock 6733 * , September 6-7, 1910 (ISC). 
SAN LUIS POTOSI: E. R. Sohns 1071, September 5, 1954 (TAES); E. R. Sohns 
1535, October 4, 1954 (TAES). 
Piptochaetium confusum Parodi 
BRAZIL; RIO GRANDE DO SUL: J. R. Swallen 7460, November 23, 1945 (US). 
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URUGUAY: MALDONALDO: Rosengurtt B-6400, November 20, 1955 (ISC). 
MONTEVIDEO: Berrs 8294, November 13, 1915 (ISC); Rosengurtt B-5232, 
November 7, 1948 (ISC); C. Osten 5648, November 28, 1911 (US). 
PAYSANDU: Rosengurtt B-4171*, November 14, 1942 (ISC) 
Piptochaetium cucullatum Roseng. and Izag. 
URUGUAY; PAYSANDU: Rosengurtt B-8252, October 12, 1961 (ISC). 
SALTO: Arriliana et al. 1473, December 8, 1962 (US); Rosengurtt B-
9346*,**, December S, 1962 (ISC). 
Piptochaetium fimbriatum (H.B.K.) Hitchc. 
** 
GUATEMALA: Locality unknown: G. R. Proctor 25160 , June 25-August 17, 
1974 (TEX). 
MEXICO: BAJA CALIFORNIA: C. A. Purpus 3589, July, 1908 (GH, MO, NY). 
CHIHUAHUA: F. W. Gould 8747a, July 3, 1959 (TAES); L. H. Harvey 1458, 
August 11, 1939 (GH, MO); H. LeSuer 0143, August 18, 1936 (TEX, GH, TAES); 
F. W. Pennell 18940, September 16-17, 1934 (GH, NY); C. G. Pringle 3035, 
October 2, 1888 (ISC, TAES). 
COAHUILA: G. L. Barkley et al. 7236, July 2, 1947 (TEX); M. Bourgeau 
676, 1865-1866 (GH); F. M. Gould and D. Watson 10520, July 20, 1963 
(TAES); F. W. Gould and D. Watson 10531, July 20, 1963 (TEX, TAES); I. 
M. Johnston and C. H. Muller 486, August 22, 1940(TEX); E. G. Marsh 
1284, July 13, 1938 (GH, TEX); F. L. Wynd and C. H. Mueller 643, July 
10, 1936 (GH, MO, NY). 
DURANGO; D. E. Breedlove 18852, November 4, 1970 (TAES); F. W. Gould 
9203, July 28, 1960 (TAES); R. McVaugh 16772, August 9-12, 1958 (TEX, NY); 
G. Mick and K. Roe 87, June 23, 1964 (TAES); G. Â. Pratt 786, August 22, 
1958 (TEX). 
FEDERAL DISTRICT: A. Carter et al. 2396, December 26, 1947 (GH). 
HIDALGO: H. E. Moore, Jr. 3069, June 14, 1947 (GH); H. E. Moore, Jr. 
3281, July 3, 1947 (GH). 
MICHOACAN: F. W. Gould 9602, August 15, 1961 (TAES); R. Krai 25586, 
August 18, 1965 (MO). 
NEUVO LEON: R. L. McGregor et al. 57, July 5, 1963 (KANU); R. L. Mc­
Gregor 406, July 9, 1963 (KANU, NY); C. H. Mueller 2342, August 1, 1935 
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(TEX, GH, MO); M. T. and C. H. Mueller 367, May 14, 1934 (GH) ; M. T. and 
C. H. Mueller 429, May 17, 1934 (GH) ; M. T. and C. H. Mueller 771, June 
12, 1934 (GH); M. T. and C. H. Mueller 806, June 16, 1934 (TEX); M. T. 
and C. H. Mueller 893, June 28, 1934 (TEX, GH) ; M. Taylor 276, August 26, 
1936 (TEX). 
PUEBLA: Rzedowski 2153, August 24, 1970 (MO). 
QUERETARO: E. R. Sohns 424, October 25, 1952 (GH, MO); E. R. Sohns 507, 
October 31, 1952 (MO). 
SAN LUIS POTOSI: F. W. Gould 9661, August 20, 1961 (TAES); McGregor et al. 
604, July 13, 1963 (KANU); E. R. Sohns 1022, September 4, 1954 (TAES); 
E. R. Sohn 1147, September 8, 1954 (TAES); A. F. Whiting 811, July-August, 
1934 (TEX); A. P. Whiting 887, July-August, 1934 (TEX); A. F. Whiting, 
July-August, 1934 (TEX). 
SONORA: G. Mick and K. Roe 287, July 21, 1964 (TAES); J. V. Santos 1921, 
September 1, 1941 (TEX, GH, NY). 
TAMAULIPAS: Stanford et al. 2604, July 21, 1949 (GH, NY). 
TLAXCALA: C. G. Pringle 8595, August 27, 1901 (GH, TAES); E. R. Sohns 
581, September 22, 1953 (TAES). 
ZACATECAS: H. S. Gentry 8492, September 26, 1948 (GH) ; G. A. Pratt 613, 
August 24, 1958 (TEX). 
UNITED STATES: ARIZONA: Cochise Co. F. A. Barkley 14A660 September 27, 
1944 (TEX); R. A. Darrow et al., September 6, 1944 (MO, NY); C. F. Deaver 
6587, September 1, 1963 (TAES); F. W. Gould and L. R. Gillogly 4419, 
August 13, 1947 (MO); M. E. Jones 24754, September 30, 1929 (GH, MO); 
C. G. Pringle, July 7, 1884 (GH, NY); F. Shrevi 7707, August 28, 1936 
(MO); T. E. Wilcox, 1894 (NY). Pima Co. L. N. Goodding 464, November 13, 
1945 (NY). Santa Cruz Co. F. W. Gould and H. S. Haskell 3275, Septem­
ber 14, 1945 (GH, NY); A. S. Hitchcock, September 21, 1908 (ISC). 
CALIFORNIA: County not known; Mr. and Mrs. J. G. Lemmon 2923, September, 
1883 (GH). 
NEW MEXICO: County not known: A. I. Mulford, September 4, 1895 (NY); 
J. G. Smith, August 18, 1898 (GK, NY); E. 0. Wooten, October 29, 1904 
(NY); E. 0. Wooten, August 22, 1894 (NY); C. Wright 1997, 1851-1852 (TAES, 
GH, NY). Grant Co. J. C. Blumer 208, 1905 (GH, NY); 0. B. Metcalfe 746 
September 19, 1903 (NY); 0. B. Metcalfe 1471, October 9, 1904 (GH, MO, 
NY). Hidalgo Co. R. and M. Spellenberg 3903, September 2, 1974 (NY). 
Otero Co. A. S. Hitchcock 837 , September 3, 1915 (ISC, GH, MO NY). 
TEXAS: County not known: D. G. Healley, 1887 (TAES, NY). Brewster Co. 
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D. S. Correll 13699, August 7, 1946 (KANU); V. L. Cory 7096, September 
9, 1933 (GH); R. S. Ferris and C. D. Duncan 2812, July 15-18, 1921 
(NY, MO); S. L. Hatch 1144, October 13, 1972 (TAES) ; C. L. and A. A. 
Lundell 13214, August 26, 1944 (TEX); J. A. Moore and J. A. Steyennark 
3172, June 21, 1931 (GH, MO); C. H. Mueller 7948a, June 17, 1931 (TEX, 
TAES, GH, NY, MO); C. H. Mueller 46549, July 26, 1932 (TAES, GH, TEX, NY); 
H. B. and V. L. Parks 7095, September 9, 1933 (TAES); H. B. and V. L. 
Parks 30352, September 26, 1938 (TAES); W. A. Silveus 785, October 1, 
1932 (TEX, TAES); W. A. Silveus 2255, September 6, 1936 (TEX); 0. E. 
Sperry 1798, September 5, 1940 (TAES); T. L. Steiger 335, June, 1932 
(NY); T. L. Steiger 337, June, 1932 (NY); T. L. Steiger 1604, August, 
1932 (NY); T. L. Steiger 1555, July 29, 1935, (NY); T. L. Steiger 2008, 
August, 1932 (NY); B. H. Wamock and 0. C. Wallmo 12240, July 11, 1955 
(TAES); M. S. Young, August 14, 1915 (TEX, GH). Culbersou Co. W. V. 
Fischer, July 28, 1950 (KANU); J. A. Moore and J. A. Steyermark 3605, 
July 23, 1931 (GH, NY); B. H. Wamock 10942, August 3, 1952 (TEX). 
Hudspeth Co. U. T. Waterfall 6322, August 31, 1945 (GH, MO). Jeff Davis 
Co. F. W. Gould 8332, August 13, 1958 (TAES); L. C. Hinckley 439, 
August 5, 1935 (TEX, NY); L. C. Hinckley, July 14, 1936 (NY, GH) ; C. L. 
and A. A. Lundell 13153, August 23, 1944 (TEX); P. Nighswonger 507, July 
9, 1969 (ISC, TAES); E. J. Palmer 31887, October 3, 1926 (TEX, MO); R. 
Rose-Innes and B. Moon 1130, June 14, 1941 (TEX); 0. E. Sperry T1023, 
October 19, 1935 (TAES); T. L. Steiger 1558, August, 1934 (NY); T. L. 
Steiger 1575, September 6, 1935 (NY); B. C. Tharp et al. 3308, August 
21, 1947 (TEX); B. H. Wamock T598, July 28, 1938 (TEX); B. H. Warnock 
6500, October 25, 1946 (TEX). Presidio Co. B. H. Wamock and L. C. 
Hinckley 3705, November 9, 1946 (NY). Tresidis Co. G. C. Healley 129, 
September, 1892 (GH, TAES, MO, NY). 
Piptochaetitm grisebachii (Speg.) Herter 
ARGENTINA: BUENOS AIRES: L. R. Parodi 13023*'**, November 11, 1938 
(US). 
PiTstochaeti'Jm hackelii (Arech.) Parodi 
ARGENTINA: BUENOS AIRES: I. Laguardia 1268, December 6, 1964 (ISC); 
L. R. Parodi 80*, 1921 (US). 
URUGUAY: COLONIA: Rosengurtt B-6703, October 30, 1957 (ISC). 
RIO NEGRO: Rosengurtt B-4085, October 22-23, 1942 (ISC). 
Piptochaetium hirtum R. A. Phil. 
CHILE: SANTIAGO: R. A. Philippi 52, no date (US). 
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Pip tochaetium jubatun Henr. 
URUGUAY: CANELQNES: Gallinal et al. 2262*, December, 1937 (US), 
MONTEVIDEO: Rosengurtt B-7770, October 29, 1960 (ISC). 
Piptochaetium lasianthum Griseb. 
ARGENTINA: CORDOBA: C. Bruch 11833, February, 1925 (NY). 
BRAZIL: RIO GRANDE DO SUL: J. Costa Succo 249, November 29, 1954 (NY); 
J. Costa Sacco 448, February 12, 1955 (NY). 
SANTA CATARINA: L. B. Smith and R. M. Klein 13418, December 3, 1964 
(NY); L. B. Smith and R. M. Klein 13580, December 4, 1964 (US); L. B. 
Smith and R. M. Klein 15790 , December 15, 1971 (NY, ISC). 
URUGUAY: ARTIGAS: Millot 542, October 22, 1961 (ISC). 
FLORES: Rosengurtt B-607, November 25, 1936 (GH, ISC). 
RIVERA: H. H. Bartlett 21117, December 7, 1943 (NY). 
SORIANO: Gallinal et al. PE-5124, December, 1942 (GH). 
Piptochaatiisn lejcpodum (Spsg.) Henr. 
ARGENTINA: BUENOS AIRES: A. L. Cabrera and M. A. Torres 17832, 
November 18, 1966 (TEX); A. Laguardia 1259, October 14, 1962 (ISC); 
L. R. Parodi 10517*, November 14, 1942 (US). 
URUGUAY: MONTEVIDEO: D. Puerto 651, November 16, 1961 (ISC). 
Piptochaetium medium (Speg.) M. A. Torres 
ARGENTINA: CORDOBA: M. L. Giardelli 914, January 11, 1937 (GH) ; M. L. 
Giardelli 1010, November 6, 1937 (GH). 
MISIONES: A. Burkart 14248, November 29, 1943 (GH). 
URUGUAY: FLORIDA: Gallinal et al. PE -3188*, November 28, 1938 (ISC). 
PAYSANDU: Rosengurtt B-4173, November 14, 1942 (US). 
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Piptochaetium montevidense (Spreng) Parodi 
ARGENTINA: BUENOS AIRES; A. Burkart 7087, November 8, 1935 (GH) ; A. 
Burkart 10015, December 23, 1939 (GH) ; W. J. Eyerdam and A. A. Beetle 
23183, December 4, 1938 (MO); W. J. Eyerdam, A. A. Beetle and Grondona 
E-23436, December 14, 1938 (MO); Rodriguy 79, November 20, 1912 (GH); 
A. C. Scala, November 8, 1928 (NY). 
CORDOBA: C. Bruch 11835, February, 1925 (NY). 
CORRIENTES: A. Burkart 19442, October 11, 1954 (GH); A. Lourteig, A. 
Schinini and Marvinak 2948, November 21, 1973 (MO); J. Najera 161, Novem­
ber, 1937, (NY); T. M. Pedersen 1845, October 10, 1952 (NY); T. M. 
Pedersen 9233, October 10, 1969 (NY); F. Tbarrola 1332, November 19, 
1944 (NY). 
ENTRE RIOS: T. M. Pedersen 6205, October 20, 1961 (NT). 
MISIONES: B. R. Medina 25, October 18, 1945 (TEX); J. E. Montes 1235, 
October 18, 1945 (MO); J. E. Montes 10855, October 29, 1950 (US); T. M. 
Pedersen 5166, October 20, 1959 (TEX); S. A. Pierotti 6586, October 10, 
1942 (US); Rodriguy 563**, November, 1912 (GH) ; G. J. Schwarz 1291, 1945, 
(TEX); G. J. Schwarz 1349, October 4, 1945 (TEX, MO); F. Tbarrola 952, 
November 2, 1944 (NY). 
SAN LUIS: F. Pastore 12995, 1915 (GH). 
BRASH: ALÂGOAS: J. Mariath 131, November 28, 1974 (ISC), 
PARANA; W. D. Clayton 4229, January 22, 1965 (NY); P. Dusen 1089a, 
October 8, 1914 (GH) ; P. Dusen 15726, October 19, 1914 (GH) ; L. B. Smith 
et al. 15656, December 5, 1971 (US). 
RIO GRANDE DO SUL: W. A. Archer 4446, November 13, 1936 (NY); W. A. 
Archer 4282, October 31, 1936 (NY); W. A. Archer 4419, November 8, 1936 
(US); C. Orth 724, October, 1942 (MO); Rambo 29162, September 12, 1945 
(MO); Rambo 29253, October 10, 1945 (MO); J. C. Saccc 78, October 5, 1954 
(NY); J. C. Sacca 200, October 19, 1954 (NY); J. F. M. Vails 2246, October 
11, 1972 (ISC); J. F. M. Vails 2266, October 12, 1972 (ISC). 
SANTA CATARINA: Klein and Reitz 13579, October 26, 1963 (NY); L. B. 
Smith and R. Klein 7318, November 6, 1956 (NY); L. B. Smith and R. Klein 
8094, December 2, 1956 (NY); L. B. Smith and R. Klein 8366, December 6, 
1956 (NY); L. B. Smith and R. and M. Klein 13420, December 3, 1964 (NY); 
L. B. Smith and R. and M. Klein 15553, December 1, 1971 (GH, MO); L. B. 
Smith and R. and M. Klein 15801, December 15, 1971 (NY); L. B. Smith and 
P. R. Reitz 12533, October 15, 1964 (GH, NY); L. B. Smith and P. R. Reitz 
14298, January 5, 1965 (GH). 
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SAO PAULO: A. Chase 9893, May 20-23, 1925 (MO); A. Usteri 10004, 
November 18, 1906 (NY). 
BOLIVIA: SANTA CRUZ: L. Spiaggi 62, March, 1955 (US). 
CHILE: CAUTIN: A. Burkart 9463, February 28, 1939 (GH). 
NUBLE: M. M. Holway et al. 278, January 9, 1920 (ISC). 
VALPARAISO: A. A. Beetle R-29, February 20, 1968 (US, TEX). 
PERU: CUZCO: R. C. Alfaro 333, January 16, 1969 (ISC); R. C. Alfaro 
623, March 3, 1973 (ISC). 
URUGUAY: COLONIA: H. H. Bartlett 20740, November 19, 1943 (TEX). 
* 
FLORES: Aragone B593, November, 1936 (US); Rosengurtt B-593 , November, 
1936 (US). 
LEVALLEJA: G. Herter 5651, November 25, 1947 (MO, NY); Lombardo, 
Izaquirre, 9149, November 14, 1969 (ISC). 
MALDONADO: Olavo et al. 8831, October 22, 1969 (NY). 
MONTEVIDEO: M. Fruchard, 1876 (NY); Gay, 1828 (NY); G. Herter 565b, 
November, 1925 (GH). 
PAYSANDU: Rosengurtt B-2227, November 10, 1937 (ISC). 
ROCHA: G. Herter 5651, November 17, 1948 (MO); G. Herter 565m, 
November 17, 1948 (MO). 
SAN JOSE: Izaquirre 2595, October 21, 1966 (ISC). 
SORIANO: Gallinal et al. PE-749, November 11, 1937 (NY). 
Piptochaetium napostaense (Speg.) Hack. 
ARGENTINA: BUENOS AIRES: L. R. Parodi 13805, November 6, 1940 (US); 
L. R. Parodi 13823, December, 1940 (GH). 
LA PAMPA: N. M. Bacigolupa, December 1, 1959 (TEX); A. Burkart 9896, 
November 11, 1939 (GH); P. Archesi 11814b, November 8, 1972 (ISC); 
Rosengurtt B-7804 , November 29, 1959 (ISC); N. S. Troncoso 20482, 
November 28, 1959 (US). 
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Piptochaetium panicoides (Lam.) E. Desv. 
AGENTINA: SALTA: H. Sleianer and F. Vervoorst 2811, March 14, 1952 (US). 
BRAZIL: RIO GRANDE DO SUL: E. Leite 478, November, 1941 (NY). 
CHILE: MALLECO: W. J. Eyerdam 10350, January 18, 1958 (NY). 
VENEZUELA: MERIDA: F. Tamayo 2344, September 20, 1942 (US); F. Tamayo 
2345, September 20, 1942 (US). 
TRUJELLO: F. Tamayo 1829, August 28, 1941 (US). 
ECUADOR: AZUAY: H. G. Barclay and P. Juajibioy 8455*, August 1-2, 1959 
(US). 
Piptochaetium panicoides f. subpappillosum (Nack.) Parodi 
URUGUAY: COLONIA: H. H. Bartlett 20781, November 19, 1943 (TEX); A. L. 
Cabrera 4634, October 30, 1938 (NY); A. Costellonos 1072, November, 1919 
(US). 
MALDONALDO: M. Del Puerto 853*, December 12, 1961 (ISC). 
MŒTEVIDEO: M. Biraben, 1862 (US); Herter 565b, November, 1929 (NY). 
RIO NEGRO: Berro 7374, November, 1914 (ISC). 
SAN JOSE: M. Del Puerto 680, November 21, 1961 (US); Rosengurtt, B-6750, 
November 16, 1957 (ISC). 
Piptochaetium pringlei (Beal) Parodi 
MEXICO: CHIHUAHUA: A. S. Hitchcock 7677, October 12, 1910 (ISC). 
UNITED STATES: ARIZONA: County not known: J. C. Blumer 3445 ' , 
October 2, 1909 (ISC); J. R. Blumer 1405, September 20, 1906 (ISC). 
Coconino Co. C. F. Deaver 6068, October 13, 1961 (TAES). Gilda Co. 
F. W. Gould and R. K. Hudson 3768, August 31, 1946 (NY). 
CALIFORNIA: Merced Co. W. A, Silveus 3470 , (TAES, TEX). 
NEW MEXICO: Otero Co. A. S. Hitchcock 813*'**, September 6, 1915 (ISC). 
Piptochaetium ruprechtianum E. Desv. 
BRAZIL: RIO GRANDE DO SUL: B. Rambo 43644, September 30, 1949 (US). 
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URUGUAY: PAYSANDU; Rosengurtt B-4171, November 14, 1942 (US). 
SORIANO: Gallinal et al. PE-4489*, November 17, 1940 (ISC); Gallinal 
et al. PE-5399, December, 1943 (US). 
Piptochaetium seleri (Pilger) Henr. 
GUATEMALA: HUEHUETENANGO: J. H. Beamon 3928, August 1, 1960 (TEX, GH) ; 
J. A. Steyennark 50217, August 6, 1942 (NY). 
QUEZALTENANGO: R. M. King 3378, July 16, 1960 (TEX, NY). 
MEXICO: FEDERAL DISTRICT: Barkley et al 2227, July 12, 1947 (TEX); 
H. H. litis 958, August 14, 1960 (ISC). 
HIDALGO: E. K. Balls 4649, May 27, 1938 (GH); C. G. Pringle 13249, 
June 13, 1904 (TEX, MO). 
MEXICO: MEXICO: A. A. Beetle 2131, December 9, 1972 (TABS); E. Lyonnet 
48, July, 1924 (NY); G. Mick and K. Roe 180, July 1, 1964 (TAES); G. A. 
Pratt 758**, September 1, 1958 (TEX); J. Rzedowski 15810, August 4, 1962 
(TAES); J. Rzedowski 24342, September 3, 1967 (TAES); A. J. Shapp 44144, 
July 28, 1944 (GH, NY); E. R. Sohns and Dr. E. Matuda 1012, October 18, 
1953 (TAES); E. R. Sohns and Dr. E. Matuda 1016, October 18, 1953 (TAES). 
MICHOACAN; J. H. Beamon 4273, September 6, 1960 (GH). 
PUEBLA: F. W. Gould 10182, September 9, 1962 (TEX, TAES); F. Ventura 
1265, June 9, 1970 (TEX); J. N. Weaver 760, July 11, 1942 (TAES, TEX, 
GH). 
TLAXCALA: E. R. Sohns 604, September 23, 1953 (TAES). 
VERACRUZ: L. E. Nevling 1774, July 19, 1971 (GH); F. Ventura 4470*, 
November 10, 1971 (TEX, KANU); F. Ventura 5620, June 29, 1972 (NY). 
Piptochaetium stipoides (Trin. and Rupr.) Hack, ex Arech. var. stipoides 
ARGENTINA: BUENOS AIRES: A. Burkart 7104, September 24, 1935 (GH). 
CHACO: P. Jorgersen 2407, November, 1917 (GH). 
CORRIENTES: T. M. Pedersen 6192, October 18, 1961 (NY). 
ENTRE RIOS: T. M. Pedersen 6248, October 22, 1961 (US); T. M. Pedersen 
7295, September 25, 1964 (NY). 
273 
MEXICO: NUEVO LEON: Galeana, May, 1934 (MEXU 1080); C. H. and M. T. 
Mueller 367, May 14, 1934 (TEX). 
URUGUAY: FLORIDA: Gallinal et al. PE-310, December 1936 (ISC). 
Pip tochaet ixmi stipoides var. chaetophorum (Griseb.) Parodi 
ARGENTINA: BUENOS AIRES: D. Dusen 6318, November 28, 1904 (US). 
CORRIENTES: A. Burkart 19683, October 22, 1954 (GH); T. Ibarrola 3295, 
September 21, 1945 (TEX). 
MISIONES: Bertoni 1861, September 11, 1945 (MO); A. Kneucker 202, Novem­
ber 26, 1900 (ISC); J. E. Montes 285, October 20, 1944 (TAES); J. E. 
Montes 1146, October 28, 1945 (TEX, MO); G. J. Schwarz 1257 , October 12, 
1945 (MO). 
URUGUAY: COLONIA: Rosengurtt et al. 8564, January 17, 1962 (ISC). 
Pip tochaet ium stipoides var. echinulatum Parodi 
ARGENTINA: BUENOS AIRES: A. L. Cabrera 6785, October 8, 1940 (US). 
ENTRE RIOS: 0. Boelcke 8622, October 31, 1969 (MO). 
* 
LA PAMPA: Rosengurtt B-7863 , November 29. 1959 (ISC): M. Del Puerto 
11781, September 7, 1972 (ISC). 
URUGUAY: PAYSANDU: M. Del Puerto 298, October 9, 1961 (US). 
Piptochaetium stipoides var. purpurascens (Hack.) Parodi 
ARGENTINA: BUENOS AIRES: L. R. Parodi 6099*, January 14, 1925 (US). 
SAN JOSE: Izaguirre 9645, September 10, 1970 (ISC). 
SORIANO: Gallinal et al. 724, December, 1937 (US); Gallinal et al. 
PE-5520, November 1944 (TAES). 
TACUAREMBO: Arrillaga et al. 1803, December 7-8, 1963 (US). 
Pip tochaet ium stipoides var. verruculosum (Mez) Parodi 
ARGENTINA: BUENOS AIRES: J. Valencia 254, December 20, 1938 (MO). 
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URUGUAY: GANELONES: Rosengurtt PE-2199*, December, 1937 (ISC). 
Piptochaetium uruguense Griseb. 
ARGENTINA: ENTRE RIOS: T. M. Pedersen 7196, March 19, 1964 (US) 
MISIONES: L. R. Parodi 4215, January 16, 1926 (US). 
BRAZIL: SANTA CATARINA: L. B. Smith and R. and M. Klein 15545, 
December 1, 1971 (NY, ISC); L. B. Smith and P. R. Reitz 9124, December 
23, 1956 (NY). 
* ** 
MEXICO: SAN LUIS POTOSI: R. L. McGregor et al. 763 ' , July 16, 1963 
(KANU). 
URUGUAY: CERRO LARGO: Gallinal et al. 1283, December, 1937 (GH). 
FLORES: Rosengurtt 558, September 25, 1936 (GH). 
PAYSANDU: Rosengurtt B-4202, November 29, 1937 (ISC). 
Piptochaetium virescens (H.B.K.) Parodi 
MEXICO: CHIAPAS: D. E. Breedlove 10468, June 24, 1965 (TEX). 
FEDERAL DISTRICT: G. Mick and K. Roe 305, July 21, 1964 (TAES) ; C. G. 
Pringle 6588, October 20, 1896 (MO, ISC); C. G. Pringle 9574, September 7, 
1901 (GH, ISC); T. Tateoka 1149, October 19, 1960 (TAES). 
HIDALGO: H. E. Moore, Jr. 2080, November 19, 1946 (GH) ; J. N. Rose 8700, 
July 19, 1905 (NY); R. C. West B-48, June 19, 1966; R. C. West F-20**, 
June 27, 1966 (TAES); R. C. West L-9, July 5, 1966 (TAES); R. C. West 
T-6, July 26, 1966 (TAES). 
MEXICO: R, C. Cisneros 1193, September 15, 1966 (TAES); A. H. Carzo, 
August 9, 1963 (TAES); F. W. Gould 10314, November 6, 1942 (TAES); A. S. 
Hitchcock 821, August 4, 1910 (GH, ISC, TEX); G. A. Pratt 756, September 
1, 1958 (TEX); E. R. Sohns 982, October 17, 1953 (TAES); J. N. Weaver 
793, July 14, 1942 (TEX, TAES). 
MICHOACAN: Bro. G. Arsene, September 15, 1909 (NY); Bro. G. Arsène 
3211, November 11, 1909 (NY); Bro. G. Arsene 3911, November 11, 1909 (GH) ; 
Bro. G. Arsene 5305, December, 1910 (GH, MO, NY); Bro. G. Arsene 6998, 
December, 1910 (GH) ; J. H. Beaman 4328, September 6, 1960 (GH, TEX); 
J. H. Beaman 4387, September 8, 1960 (GH) ; R. M. King and T. R. Soderstrom 
5132, November 9-18, 1961 (NY, TEX); R. M. King and T. R. Soderstrom 5151, 
November 20-25, 1961 (NY, TEX); W. C. Leavenworth and H. Hoogstraal 1077, 
July 21, 1941 (GH, MO); R. McVangh 623, November 19, 1971 (MO); G. A. 
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Pratt 703, August 29, 1958 (TAES, TEX); G. A. Pratt 712, August 29, 
1958 (TEX); E. R, Sohns 799, October 3, 1953 (TAES); E. R. Sohns 819, 
October 4, 1953 (TAES), 
MORELOS: F. W. Gould 7015, February 16, 1956 (TAES); F. W. Gould 
10382 , November 9, 1962 (TAES); C. G. Pringle 6236, October 28, 1895 
(ISC); C. G. Pringle 6232, October 28, 1895 (NY). 
NUEVO LEON; C. H. and M. T. Mueller 522, May 21, 1934 (ISC). 
QAXACA: E. W. Nelson 1107, 1894 (GH); E. W. Nelson 1373, September 10-20, 
1894 (GH); C. G. Pringle 4759*, August 4, 1894 (TEX, GH, MO, ISC); J. 
Rzedowski 21088, September 21, 1965 (TAES); J. Rzedowski 21303, Septem­
ber 30, 1965 (TAES); C. L. Smith 926, September 18, 1894 (MO, NY). 
PDEBLA: F. W. Gould 10175, September 9, 1962 (TEX, TAES); F. W. Gould 
10183, September 9, 1962 (TAES); J. R. and C. G. Reeder 2207, August 31, 
1953 (GH); J. N. Weaver 979, August 16, 1942 (TEX, TAES). 
QUERETARO: G. B. Hinton 1336, August 18, 1932 (GH, NY); G. B. Hinton 
2315, October 27, 1932 (NY, TEX). 
SAN LUIS POTOSI: E. Matuda 21268, July 29, 1951 (US); E. R. Sohn 1036, 
September 4, 1954 (TAES); E. R. Sohn 1500, October 1, 1954 (TAES). 
TLAXCALA: E. R. Sohn 601, September 23, 1953 (TAES); E. R. Sohn 603, 
September 23, 1953 (TAES). 
VERACRUZ: D. G. Saucedo 343, May 25, 1968 (TAES, TEX). 
ZACATECAS: J. N. Rose 2750, September 2, 1897 (GH). 
Stipa capillata L. 
2 3* 
AUSTRIA: D. A. Peter V Z , July 1, 1878 (ISC). 
Stipa Columbiana Macoun 
* 
UNITED STATES: COLORADO: Moffat Co. J. R. and N. Thcmasson 1209 , 
July 15, 1975 (ISC). 
Stipa comata Trin. & Rupr. 
UNITED STATES: COLORADO: Moffat Co. J. R. and N. Thomasson 1309*'**, 
July 16, 1975 (ISC). 
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Stipa elmeri Piper and Brodie 
UNITED STATES: CALIFORNIA: San Bernardino Co. Pohl 2086*, June 18, 
1940 (ISC). 
Stipa ichu (Ruiz & Pavon) Kunth 
COSTA RICA: CARTAGO: Pohl & Davidse 10806*, August 1, 1968 (ISC). 
Stipa jurgensii Hack. 
BRASIL: RIO GRANDE DO SUL: Rosengurtt 9096, November 8, 1962 (ISC); 
J. F. M. Vails 2218, October 10, 1972 (ISC). 
URUGUAY: MALDONADO: Rosengurtt B-6601, November 4, 1956 (ISC). 
Stipa latiglumis Swallen 
STATES : CALIFOI 
(ISC). 
Stipa lemmonii (Vasey) Scribn, 
UNITED : ORNIA: County not known. Pohl 7274 , June 8, 1953. 
ic 
UNITED STATES: CALIFORNIA: El Dorado Co. B. Crampton 3588 , June 22, 
1956 (ISC). 
Stipa leucotricha Trin. et Rupr. 
* 
UNITED STATES: TEXAS: Guadeloupe Co. Iseley 7491 , April 11, 1961 
(ISC). 
Stipa neomexicana (Thurfa.) Scribn. 
* ** 
UNITED STATES: NEW MEXICO: Quay Co. R. W. Pohl, 7316 ' , June 13, 
1955 (ISC). 
Stipa pampeana Speg, 
ARGENTINA: LA PAMPA: Rosengurtt B-7879*, November 29, 1959 (ISC). 
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Stipa peimata L. ssp. gallica Celak. 
SWITZERLAND: MONTE D'ORGE: A. Kneucker 84, May, 1900 (ISC). 
Stipa pulchra Hitchc. 
UNITED STATES: CALIFORNIA; Sonoma Co. B. Crampton 3310*, April 24, 
1956 (ISC). 
Stipa richardsonii Link 
BRITISH COLUMBIA: W. A. Weber 2572*, July 24, 1941 (ISC). 
Stipa robusta Nutt. ex Trin. and Rupr. 
* 
UNITED STATES: COLORADO: Jefferson Co. Pohl 7156 , August 4, 1951 
(ISC). 
Stipa sanluisensis Speg. 
ARGENTINA: CORDOBA: B. Rosengurtt 7604, December 5, 1958 (US). 
MENDOZA: Bartlett 19389*, January 18, 1943 (US). 
Stipa tenuissima Trin. 
ARGENTINA: BUENOS AIRES: D. Dusen, November 29, 1904 (US). 
CATAMARCA: H. H. Bartlett 19605, February 5, 1943 (US); H. Sleumer and 
F. Vervoorst 2391, 1952 (US). 
CORDOBA: H. Castellano 334, December, 1919 (US); L. R. Parodi 7427, 
December 1-4, 1926 (US); L. R. Parodi 7551, December 1-4, 1926 (US); L. R. 
Parodi 7552, December 1-4, 1926 (US); L. R. Parodi 7565, December 1-4, 
1926, (US); L. R. Parodi 7655, December 1-4, 1926 (US). 
LA PAMPA: Rosengurtt B-7852, November 29, 1959 (US). 
MENDOZA: G. Covas 3034, November 27, 1944 (US). 
SALTA: S. Venturi 9864, December 7, 1929 (US), 
MEXICO: PUEBLA: A. S. Hitchcock 832, August 28, 1910 (ISC); A. S. 
Hitchcock 6518 , August 29, 1910 (ISC). 
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URUGUAY: SCŒŒANO: Rosengurtt PE-5526, December 6, 1944 (ISC). 
UNITED STATES: NEW MEXICO: Otero Co. A. S. Hitchcock 831, September 
3, 1915 (ISC). 
TEXAS: County not known. Buckley, 1884 (ISC). Brewster Co. L. H. 
Shinners 8763, August 5, 1946 (ISC). Presidio Co. G. C. Heally 131, 
September, 1892. 
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XIV. APPENDIX C: FIGURES 57 - 332 
Fig. 57. Striitotype section of Prolithospemum johnstonli-Nassella 
pohlii assemblage zom; at site 9a, view looking east. 
a a: vertical extent of strata in P. 1ohnstonil-N. 
pohlii assemblage zono 
Fig. 58. View looking north fr<*n stratotype locality to site 9b 
Fig. 59. Type locality of Prolappula verrucosa (a) at south end 
of exposed strata at Htratotype locality of P. johnstonii-N. 
pohlii assemblage zone 
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Fig. 60. Mas» accumulation (? coprolite) of Berriochloa tuberculata 
from bed 2 at site 2 
Fig, 61. Occurrence of "Daimonelix" in bed 4 at site 9a. "Daimonelix" 
is white lentil below pick point 
Fig. 62. Carapace of giant land tortoise (? Geochelone) exposed in 
denaely cemented sandstone in bed 11 at site 6 
Fig. 63. Giant land tortoise (? Geochelone) exposed in unconsolidated 
sands of bed 2 at site 41. Remains of pelvic girdle at 
center of carapace. Note horizontally laminated organic 
matter (white lines) below plastron 
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Fig. 64. 
Fig. 65. 
Fig. 66. 
Fig. 67. 
Fig. 68. 
Fig. 69. 
Typical lemma surface in Stipa species (^. neomexicana 
illustrated) Stub BP22. X200 
Paleas of Stipa showing well-developed prow and absence 
of groove in palea: left, Stipa neomexicana; center, 
Stipa spartea; right, Stipa comata. Stub BP181. X20 
Cryofracture of anthoecium of Stipa comata illustrating 
typical lemma and palea relationship in species of 
the genus Stipa (Thomasson, 1309). Stub BP185. X44 
Typical lemma surface in Piptochaetium species (P. 
hackelii illustrated) Stub BP7. X200 
Palea of Piptochaetium seleri shwoing grooved palea. 
Stub BP236, X30 
Cryofracture of anthoecium of Piptochaetium bicolcr 
showing relationship of lemma and palea. Note distinct 
groove in palea into which the margins of the lemma 
"lock". Stub BP184. X60 
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Fig. 70. Light photomicrograph of lemma epidermis of 
Nassella trichotoma. X340 
Fig. 71. Light photomicrograph of lemma epidermis in 
Aristida temipes. X340 
Fig. 72. Light photomicrograph of lemma epidermis in 
Stipa neomexicana. X420 
Fig. 73. Light photomicrograph of lemma epidermis in 
Piptochaetium bicolor. X420 
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Figs. 74-77. Piptochaetium angustifolium, SEM. 
Fig. 74. Lateral view of anthoecium. 
Stub BP223. X24 
Fig. 75. Higher resolution of lemma 
surface. BP223. X360 
Fig. 76. Detail of tip of palea. 
BP222. X120 
Fig. 77. Higher resolution of palea 
groove showing hooks and 
hairs. BP222. X240 

Figs. 78-81. Piptochaetiim avenaceoides, SEM. 
Fig. 78. Lemma surface near summit of 
anthoecium. Stub BP229. X160 
Fig. 79. Lemma surface near middle of 
anthoecium. Stub BP229. X360 
Fig. 80. Tip of palea. Stub BP182. X86 
Fig. 81. Higher resolution of palea groove. 
Note similarity of surface of 
palea groove to lemma surface in 
Fig. 79. Stub BP182. X240 
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Figs. 82-87. Piptochaetiim avenaceum, SEN. 
Fig. 82. Summit of anthoecitm. 
Stub BP224. X33 
Fig. 83. Higher resolution of lemma 
surface near summit of 
anthoecium. Stub BP224. X360 
Fig. 84. Higher resolution of lemma near 
middle of anthoecium illustrating 
typical grooves and ridges of 
Piptochaetium. Stub BP224. X600 
Fig. 85. Tip palea. Sub BP182. X78 
Fig. 86. Higher resolution of palea 
groove. Stub BP182. X240 
Fig. 87. Detail of callus. Stub BP224. 
X120 
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Figs. 88-93. Plptochaetium brevicalyx, SEM. (Where necessary correct 
orientation is indicated by arrow) 
Fig. 88. Lateral view of anthoecium. Stub BP212. X33 
Fig. 89. Ventral view of anthoecium. Stub BP213. X30 
Fig. 90. Tip of palea. Stub BP214. X160 
Fig. 91. Detail of callus. Stub BP213. XllO 
Fig. 92. Higher resolution of groove of palea. Stub BP214. 
X340 
Fig. 93. Higher resolution of lemma surface. Stub BP212. 
X330 
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Figs. 94-99. Piptochaetim fimbriatim, SEM. 
Fig. 94. Lateral view of anthoeciim. 
Sub BP237. X18 
Fig. 95. Ventral view of anthoecimn. 
Stub BP239. X18 
Fig. 96. Higher resolution of lemma 
surface. Stub BP237. X360 
Fig. 97. Palea, showing medial groove. 
Stub BP238. X3Ô 
Fig. 98. Tip of palea. Stub BP238. 
X160 
Fig. 99. Detail of callus. Stub BP237. 
XllO 
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Figs. 100-103. Plptochaetixan prlnglei (smooth form), 
SEM. 
Fig. 100. Lateral view of anthoecium. 
Stub BP232. X13 
Fig. 101. Higher resolution of lemma 
surface. Stub BP232. XlOO 
Fig. 102. Higher resolution of lemma 
surface. Stub BP232. X360 
Fig. 103. Detail of palea showing 
medial groove. Stub BP233. 
X270. 
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Figs, 104-108. Piptochaetium pringlei (form with hooks) 
Fig. 104. Lateral view of anthoecia. 
Stub BP234. X150 
Fi^. 105. Higher resolution of lemma 
surface. Stub BP234. X270 
Fig. 106. Higher resolution of lemma 
surface showing detail of 
hooks and incipient grooves 
and ridges. Stub BP231. X360 
Fig. 107. Tip of palea. Stub BP234. 
a150 
Fig. 108. Detail of palea groove show­
ing hooks, ridges, and grooves. 
Stub BP234. X270 

Figs. 109-113. PipCochaetium seleri, SEM. 
Fig. 109. Lateral view of anthoeciim. 
Stub BP235. X24 
Fig. 110. Higher resolution of lemma 
surface. Stub BP235. X360 
Fig. 111. Higher resolution of lemma 
surface, oblique view. 
Stub BP235. X600 
Fig. 112. Ventral surface of palea 
showing medial groove. 
Sub BP236. X30 
Fig. 113. Close up of palea tip. 
Stub BP236. X160 
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Figs. 114-119. Piptochaetium uruguense, SEM. 
direction of anthoecium summit 
(Where necessary 
indicated by arrow) 
Fig. 114. Lateral view of anthoecium. 
Stub BP226. X36 
Fig. 115. Ventral view of anthoecium. 
Stub SP227. X32 
Fig. 116. Higher resolution of lemma 
surface showing hooks, ridges, 
and grooves. Stub BP227- X360 
Fig. 117. Ventral surface of palea 
showing medial groove. Stub 
BP228. X80 
Fig. 118. Higher resolution of groove 
of palea. Stub BP228. X270 
Fig. 119. Detail of callus. Stub BP227. 
X120 
305 
19 
Figs. 120-123. Piptochaetiim virescens. SEM. 
Fig. 120. Lateral view of anthoecium. 
Stub BP240. X15 
Fig. 121. Higher resolution of lemma 
surface. Stub BP240. X360 
Fig. 122. Higher resolution of laaas 
surface. Stub BP240. X600 
Fig. 123. Ventral surface of palea 
illustrating medial groove. 
Stub BP241. X600 
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Figs. 124-128. Piptochaetiim montevidense. SEM. 
Fig. 124. Lateral view of anthoecium. 
Stub BP219. X47 
Fig. 125. Ventral view of anthoecium, 
with grooved palea partially 
extruded from the lemma. 
Stub BP220. X47 
Fig. 126. Higher resolution of lemma 
surface showing oblong 
tubercles. Stub BP221. X360 
Fig. 127. Higher resolution of lemma 
surface, oblique view. Stub 
BP220. X330 
Fig. 128. Detail of callus. Stub BP220. 
X120 
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Figs. 129-131. Nassella exserta, SEM. 
Fig. 129. Lateral view of anthoecium. 
Stub BP191. X43 
Fig. 130. Ventral view of anthoecium. 
Stub BP193. X39 
Fig. 131. Detail of scar of attachment 
of awn. Stub BP192. X130 
Figs. 132-133. Nassella exserta var. asperata. SEM. 
Fig. 132. Lateral view of anthoecium. 
Stub BP194. X36 
Fig. 133. Higher resolution of lenana 
surface showing abundant hooks. 
Stub BP194. X240 
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Figs. 134-136. Nassella chilensis, SEM. 
Fig. 134. Lateral view of anthoecium. 
Stub BP187. X47 
Fig. 135. Ventral view of anthoecium. 
Stub BP187. X39 
Fig. 136. Higher resolution of lemma 
surface. Stub BP188. X750 
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Figs. 137-139. Nassella humilis, SEM. (Where necessary direction 
of anthoecium suiranit is indicated by arrow) 
Fig. 137. Lateral view of anthoecium. 
Stub BP195. X36 
Fig. 138. Higher resolution of lemma 
surface. Stub BP73. X440 
Fig. 139. Higher resolution of lemma 
surface. Stub BP73. X780 
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Figs, 140-142. Nassella johnstonii. SEM. 
Fig. 140. Lateral view of anthoecium. 
Stub BP198. X47 
Fig. 141. Ventral view of anthoecium. 
Stub BP200. X30 
Fig. 142. Detail of summit of anthoecium, 
including scar of attachment 
of avn. Stub BP199. X13Q 
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Figs. 143-145. Nassella juncea, S EM. 
Fig. 143. Lateral view of anthoecium. 
Stub B0201, X36 
Fig. 144. Ventral view of anthoecium. 
Lemma margins overlap with the 
left margin overlapping the 
right margin. This would be 
termed left overlap. Stub BP203. 
X36 
Fig. 145. Higher resolution of lemma 
surface. Stub BP201. X750 

Figs. 146-149. Nassella pungens. SEM. 
of anthoecium summit is 
(Where necessary direction 
indicated by arrow) 
Fig. 146. Lateral view of anthoecium. 
Stub BP209. X39 
Fig. 147. Ventral view of anthoecium. 
Stub BP210. X43 
Fig. 148. Higher resolution of lemma 
surface. Stub BP74. X200 
Fig. 149. Higher resolution of lemma 
surface. Stub BP74. X540 
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Figs. 150-155. Nassella meyeniana, SEM. 
Fig. 150. Lateral view of mature anthoecium. 
Stub BP20Ô. X47 
Fig. 151. Ventral view of immature anthoecium. 
Stub BP204. X47 
Fig. 152. Lateral view of immature anthoecium. 
Stub BP204. X43 
Fig. 153. Summit of immature anthoecium showing 
awn scar and developing reticulate 
texture of summit. Stub BP204. X180 
Fig. 154. Summit of nature anthoecium. Stub 
BP206. X90 
Fig. 155. Higher resolution of summit of 
anthoecium showing well-developed 
reticulate texture. Stub BP206. 
X240 
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Figs. 156-158. Nassella pubiflora, SEM. 
Fig. 156. Lateral view of anthoeciian. 
Stub BP207. X39 
Fig. 157. Summit of anthoecium showing 
distinctive reticulate texture. 
Stub BP208. X160 
Fig. 158. Higher resolution of lemma 
surface. Stub BP75. X78Ô 
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Figs. 159-162. Nassella trichotoma, SEM. 
Fig. 159. Ventral view of anthoeciian. 
Stub BP211. X39 
Fig. l'ôO. Lateral view of anthoecium. 
Stub BP211. X43 
Fig. 161. Higher resolution of untreated 
lemma surface. Stub BPl. X200 
Fig. 162. Higher resolution of lemma 
surface which has been cleared 
with the technique described in 
Materials and Methods. Stub BP4. 
X220 
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Figs. 163-165. Berriochloa amphoralis, SEM. 
Fig. 163. Lateral view of anthoecia. 
Stub BP128. X24 
Fig. 164. Detail of crown. Stub BP128. 
X66 
Fig. 165. Higher resolution of lemma 
surface showing long cells. 
Stub BP128. X440 
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Figs. 166-168, Berriochloa arophoralis. paratype, UNSM-E78, SEM. 
Fig. 166. Surface of lemma epi'demis. Stub BP48, 
X440 
Fig. 167. Higher resolution of lemma surface, 
oblique view. Stub BP48. X780 
Fig. 168. Enlargement of area outlined in 
Figr 167. Stub BP48. X2200 

Figs. 169-172. Berriochloa conica, paratype, UNSM-E77, SEM. 
Fig. 169. Detail of lemma surface. Stub BP52. 
X440 
Fig. 170. Enlargement of area outlined in 
Fig. 169. Stub BP52. X780 
Fig. 171. Detail of lemma surface. Stub 
BP56. X440 
Fig. 172. Higher resolution of lemma surface 
Stub BP56. X780 
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Figs. 173-174. Berriochloa inflata. paratype, UNSM-E14 
Fig. 173. Detail of lemma surface. 
Stub BP51. X440 
Fig. 174, Higher resolution of lemma 
surface showing dlchotomous lobes 
of long cells. Stub 
BP51. X780 
Fig. 175. Berriochloa cf. inflata. SEM. 
Palea, showing prow and incipient 
medial depression. Stub BP66. X86 
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Figs. 176-179. Berriochloa maxima 
Fig. 176. Detail of lemma surface. 
Stub BP3. X320. SEM 
Fig, 177. Higher resolution of lemma 
surface. Stub BF3. X720 
Fig. 178. Higher resolution of lemma 
surface showing details of 
lobes. Stub BP3. X2200 
Fig. 179. Detail of lemma surface. 
Light microscopy photomicro­
graph. X840 
337 
Figs. 180-183. Berriochloa minuta, SEM. 
Fig. 1Ô0. Ventral view of anthoecium, 
showing exposed palea. Stub 
BP116. X44 
Fig. 181. Dorsal view of anthoecium. 
Stub BP133. X30 
Fig. 182. Lateral view of anthoecium. 
Stub Br132. X32 
Fig. 183. Lateral view of anthoecium. 
Stub BP115. X44 
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Figs. 104-187. Berriochloa minuta, SEM. (Where necessary 
correct viewing orientation is indicated by 
arrow) 
Fig. 184. Detail of lemma surface, showing simple 
relatively unexpanded lobes. Stub BF35. 
X440 
Fig. 185. Detail of lemma surface. Stub BP133. 
X440 
Fig. 186. Detail of lemma surface showing simple 
lobes with expanded tips. Stub BP116. 
X440 
Fig. 187. Higher resolution of lemma surface. 
Stub BP116. X3200 
f 1 
V 
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Figs. 188-191. Berriochloa obtrullata, sp. nov., SEM. 
Fig. 188. Lateral view of anthoecium. 
Stub BP172. X30 
Fig. 189. Ventral view of anthoecium, 
showing exposed palea. Stub 
BP175. X26 
Fig. 190. Detail of scar of attachment of 
awn, showing vascular trace scars, 
a, large central trace; b, small 
lateral traces. Stub BP173. 
XllO. 
Fig. 191. Detail of palea showing smooth 
medial portion and tuberculate 
margins. Stub BP176. X48. 
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Figs. 192-196. Berriochloa ptmila, sp. nov., SEM. 
Fig. 192. Lateral view of anthoecium. 
Stub BP145. X32 
Fig. 193. Lateral view of anthoecium. 
Stub BP138. X36. 
Fig. 194. Detail of callus of specimen in 
Fig. 193. Stub BP138. X72 
Fig. 195. Dorsal view of anthoecium. Stub 
BP144. X36 
Fig. 196. Dorsal view of anthoecium. Stub 
BP137. X32 
345 
Figs. 197-200. Berrlochloa pumlla, sp. nov., SEM. 
Fig. 197. Detail of untreated lemma surface. Stub BP145. 
X780 
Fig. 198. Detail of lemma surface treated with KOH to remove 
fossilized cuticle. Stub BP141. X780 
Fig. 199. Detail of surface of lemma at summit of anthoecium 
showing hooks. Stub BPIO. X320 
Fig. 200. Detail of palea surface treated with KOH to remove 
fossilized cuticle. Stub BP141. X780 
.r 
Figs. 201-204. Berriochloa primaeva. paratype, UNSM-E9. 
Fig. 201. Detail of lemma surface with 
cuticle partially removed. 
Stub BP39. X440. SEM 
Fig. 202. Higher resolution of lemma 
surface. Stub BP39. X780. SEM 
Fig. 203. Epidermal cell of lemma. X2200. 
Light microscope photomicrograh. 
Fig. 204. Lemma surface. X2200. SEM 
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Figs. 205-208. Berriochloa tuberculata, SEM. 
Fig. 205. Lateral view of anthoecivm. 
Stub BP113. X26 
Fig. 206, Lateral view of anthoeciim. 
Stub BP117. X32 
Fig. 207. Ventral view of anthoecium 
showing exposed palea and 
fragment of strongly developed 
callus. Stub BP119. X22 
Fig. 208. Higher resolution of palea 
showing hooks and hairs. 
Stub BP119. X91 
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Figs. 209-212, Berrlochloa tuberculata. SEM. (Where necessary direction 
of anthoecium summit shown by arrow) 
Fig. 209. Shoulder and crown of specimen in Fig. 206. 
Stub BP113. X78 
Fig. 210. Detail of portion of shoulder of specimen in 
Fig. 209 showing developing hooks and prickles. 
Stub BP113. X440 
Fig. 211. Detail of portion of shoulder of specimen in 
Fig. 209 showing hairs. Stub BP113. X320 
Fig. 212. Surface of lemma near base of anthoecium of 
specimen in Fig. 206, showing remnants of 
hair bases. Stub BP113. X540 
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Figs. 213-215. Berriochloa tuberculata. SEM. 
Fig. 213, Lateral view of anthoecia. 
Stub BP112. X32 
Fig, 214. Detail of lemma surface 
of Fig. 213, showing rem­
nants of hair bases. Stub BP112. 
X200 
Fig. 215. Detail of lemma surface 
of Fig, 214. Stub BP112. 
X780 
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Figs. 216-219. Berriochloa tuberculata, SEM. (Where necessary 
direction of anthoecixsn summit indicated by arrow) 
Fig. 216. Lemma surface of shoulder of specimen 
in Fig. 205, showing long cells and 
remnants of hooks or hairs. Stub BP113. 
X440 
Fig, 217. Higher resolution of lemma surface in 
Fig. 216 showing buttress lobes of long 
cells. Stub BP113. X780 
Fig. 218. Lemna surface at the middle of the 
specimen in Fig. 205. Stub BP113. 
X^O 
Fig. 219. Lemma surface near base of specimen 
in Fig. 205. Stub BP113. X440 
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Figs. 220-223. Berrlochloa sp., site 30, SEM. 
Fig. 220. Lemma surface with portions of cuticle r<anoved 
showing long cells. Stu^ BP135. X200 
Fig. 221. Higher resolution of lemma surface in Fig. 220, 
showing we11-developed simple lobes of long 
cells, «tub BP135. X200 
Fig. 222. Higher resolution of a portion of lemma surface 
in Fig. 220. Cuticle is still present in upper 
3/4 of figure. Note the "shadow" of the long 
cells below. Stub BP135. X780 
Fig. 223. Detail of Junction of two long cells on lemma 
surface. Stub BP135. X3200 

Figs. 224-227. Berriochloa aspera, sp. nov., isotypes, SEM. 
Fig. 224. Lateral view of anthoecium. Stub 
BP162. X26 
Fig. 225. Dorsal view of anthoecium. Stub 
BP160. X26 
Fig. 226. Detail of sunmit of anthoecium of 
specimen in Fig. 224, showing ex-
serted prow (arrow). Stub BP162. 
X160 
Fig. 227. Detail of lemma surface of specimen 
in Fig. 225, showing hooks. Stub 
Bpl60. X720 
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Figs. 228-231. Berriochloa brevis. paratype, DNSM-E73, SEM. 
Fig. 228. Lateral view of anthoeciian. Stub 
BP41. X32 
Fig. 229. Detail of lenma surface on upper 
portion of specimen in Fig. 228. 
Stub BP41. X440 
Fig. 230. Higher resolution of lemma surface 
in Fig. 229, showing buttress lobes 
(bl) of long cells. Stub BP41. 
X780 
Fig. 231. Detail of lemma of lower portion of 
specimen in Fig. 228. Stub BP41. 
X780 
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Figs. 232-234. Berriochloa coloradoensis, paratype, UNSM-Ell, SEM. 
Fig. 232. Summit of anthoeciian showing hooks 
and bristles. Stub BP34. X78 
Fig. 233. Detail of portion of specimen 
in Fig. 232. Stub BP34. X440 
Fig. 234. Higher resolution of lemma surface 
showing "shadows" of long cells in 
cuticle. Stub BP34. X780 
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Figs. 235-238. Berriochloa commimis, paratype, UNSM-E72, SEM. 
Fig. 235. Portion of lemma surface near summit 
of anthoecium. Stub BP32. X440 
Fig. 236. Detail of hooks of lemma. Portion of 
cuticle is absent from hook on the 
right. Stub BP32. X780 
Fig. 237. Palea surface showing hooks and shadows 
of long cells. Stub BP32. X440 
Fig. 238. Higher resolution of palea surface 
shewn in Fig. 237. Stub BP32. X780 
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Pigs. 239-242. Berriochloa grandis, paratype, UNSM-EIO. 
Fig. 239. Surface of lemma. Stub BP46. X440 
SEM 
Fig. 240. Surface of lemma. Stub BP47. X440 
SEM 
Fig. 241. Higher resolution of specimen shown in 
Fig. 239. Stub BP46. X780. SEM 
Fig. 242. Epidermal cell of lemma. X2200. Light 
microscopy photomicrograph 
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Figs. 243-247. Berriochloa nanjhea, sp. nov., isotype, SEM 
Fig. 243. Lateral view of anthoeciusn. Stub 
BP157. X22 
Fig. Summit of anthoecium, showing hooks 
on lemma and palea; palea has well-
developed prow. Stub BP158. X48 
Fig. 245. Detail of surface of palea, showing 
hooks and long cells with buttress 
lobes. Stub BP158. X780 
Fig. 246. Surface of lenssa. Stub BP157. X440 
Fig. 247. Higher resolution of lemma surface in 
247, showing tubercles and long cells 
with prominent buttress lobes. Stub 
BP157. X780 
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Figs. 248-251. Berriochloa tuba var. laeve, paratype, SEM. 
Fig. 248. Detail of lemma surface. Stub BP 
55. X440 
Fig, 249. Higher resolution of lemma in Fig. 
248. Stub BP55. X440 
Fig. 250. Higher resolution of lemma surface. 
Stub BP55. X440 
Fig. 251. Lemma surface at extremely high 
resolution, showing ? opalized 
nature. Stub BP55. X26,000 
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Figs, 252-256. Nassella, pohlii, sp. nov., isotype, SEM. 
Fig. 252. Lateral view of anthoecium. Stub 
BP54. X48 
Fig. 253. Detail of shoulder and neck of 
anthoecium in Fig. 252. Stub BP54. 
X120 
Fig. 254. Detail of lemma surface of anthoecium 
in Fig. 252. Stub BP54. X200 
Fig. 255. Higher resolution of lemma surface 
in Fig. 252. Stub BP54. X780 
Fig. 256. Higher resolution of lemma surface 
in Fig. 252. Stub BP54. X3000 
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Figs. 257-260. Nassella reynoldsii. sp. nov., isotype, SEM. 
Fig. 257. Lateral view of anthoecium. Stub 
BP104. X48. 
Fig. 258. Ventral view of anthoecium. Stub 
BP105. X48 
Fig. 259. Detail of shoulder and neck of 
specimen in Fig. 257. Stub BP104. 
X120 
Fig. 260. Higher resolution of lemma surface 
of uppermost shoulder of specimen 
in Fig. 257. Stub BP104. X780 
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Figs. 261-266. Nassella fryeleonardii^ sp. nov., isotype, SEM. 
Fig. 261. Lateral view of anthoecium. Stub BP12. 
X26 
Fig. 262. View of ventral surface of anthoecium in 
Fig. 261, showing hooks.at the margins 
of the lemma. Stub EP12. X60 
Fig. 263. ELLgher resolution of hooks on margin 
of lemma. Stub BP12. X780 
Fig. 264. Higher resolution of lemma surface 
of specimen in Fig. 261. Stub BP12. 
X220 
Fig. 265. Higher resolution of lemma surface on 
shoulder of specimen in Fig. 261. Stub 
BPi2. XddO. 
Fig. 266. Probable silica-suberin couple on lemma 
surface of specimen in Fig. 261. Cells 
preserved as depressions in cuticle; 
lower crescent-shaped cell is suberin 
cell, upper oval cell is silica cell. 
Stub BP12. X3000 
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Figs, 267-269. Nassella amphora, paratype, UNSM-E66, SEM. 
Fig. 267. Lateral view of anthoeciinn. Stub 
BP93. X48 
Fig. 268. Detail of shoulder and neck of 
specimen in Fig. 267. BP93. X120 
Fig. 269. Higher Resolution of lemma of 
specimen in Fig. 267. Stub BP93. 
X440 
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Figs. 270-273. Panicum elegans. SEM. (Where necessary 
direcciqn of anthoeciun summit indicated by 
arrow) 
Fig. 270. Lateral view of anthoecium. 
Stub BP177. X26 
Fig. 271. Dorsal view of anthoecium in 
Fig. 270. Stub BP177. X26 
Fig. 272. Surface of lemma. Stub BP7S. 
X780 
Fig. 273. Surface of anthoecium showing 
overlap of lemna (left) and 
palea (right). Stub BP177. 
X780 
é 
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Figs. 274-276. Fanicum elegans, SEM. 
Fig. 274. Germination lid at base of lemma of 
specimen in Fig. 270. Stub BP177. 
X66. 
Fig. 275. Oblique view of germination lid of 
specimen in Fig. 270. Stub BP177. 
X86 
Fig. 276. Oblique basal view of partially open 
germination lid and basal scar of 
anthoecium in Fig. 270. Stub BP177. 
X86 
Fig. 277. Streptochaeta sp., SEM. Germination lid at base of 
anthoecium. Stub BP183. X24 
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Figs. 278-280. Panicufo elegans, SEM. 
Fig. 278. Detail at apex of palea. Note 
alignment of papillae on surface 
in vertical lines. Stub BP163. 
X86 
Fig. 279. Higher resolution of palea surface 
of specimen in Fig. 278. Stub B?163. 
X86 
Fig. 280. Detail of palea surface. Stub BP79. 
X780 

Figs. 281-282. Graminophy1lum kansasensis. sp. nov., 
holoCype, Thanasson No. 2-1, light 
microscopy 
Fig. 281. Fragment of leaf showin, stomata 
in rows. X1800 
Fig. 282. Detail of specimen in Fig. 281: 
si, silica cell; su, suberin 
cells: 1. long cell; stoma with 
guard ceils (g) and dome-shaped 
subsidiary cells (d). X3176 
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Figs. 283-287. Eleofimbris svensonii, sp. nov., isotype, SEM. 
Fig. 283. Lateral view of achene. Stub BP165. 
X94 
Fig. 284. Dorsal view of achene. Stub BP164. 
X94 
Fig. 285. Shoulder and neck of achene. Stub 
BF165. X260 
Fig. 286. Detail of apex of achene of specimen 
in Fig. 285. Stub BP165. X150 
Fig. 287. Higher resolution of achene surface 
of specimen in Fig. 285. Stub 
BP165. X870 
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Figs. 288-293. Cryptantha coroniformis, SEM. 
Fig. 288. Dorsal view of smooth nutlet. 
Stub BP171. X40 
Fig. 289. Ventral view of smooth nutlet, 
showing characteristic scar of 
attachment of species of Cryptantha. 
Stub BP169. X40 
Fig. 290. Lateral view of tuberculate nutlet. 
Sub BP170. X40 
Fig. 291. Dorsal view of tuberculate nutlet. 
Stub BP169. X40 
Fig. 292. Detail of nutlet surface of specimen 
in Fig. 291. Note cuticle partially 
absent (arrow) revealing underlying 
epidermal pattern. Stub BP169. X200 
Fig. 293. Higher resolution of nutlet surface 
showing epidermal cells. Stub BP169 
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Figs. 294-296. Cr-yptantha auriculata, SEM. 
Fig. 294. Lateral view of nutlet, showing 
small wing (= "ear", auricle) at 
arrow. Stub BP180. X36 
Fig. 295. Dorsal view of nutlet, showing 
small wing. Stub BP180. X32 
Fig. 296. Obtain of nutlet surface showing 
tubercles (= nodules). Stub BP180. 
X200 
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Figs. 297-299. Cryptantha parvicarpa, sp. nov., isotypes, SEM. 
Fig. 297. Lateral view of nutlet. Stub BP179. 
X48 
Fig. 298. Ventral view of nutlet showing charac­
teristic scar of attachment of species 
of Cryptantha. Stub BP179. X48 
Fig- 299. Detail of surface of nutlet showing 
badly corroded tubercles. Stub BP179 
X200. 
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Figs. 300-305. Eliasiana aculeata, sp. nov., isotype, Thcmasson 
47-1, SEN. 
Fig. 300. Lateral view of nutlet, showing 
lateral ridge on nutlet. Specimen 
lacks gibbous ventral keel at base 
near scar of attachment. Stub BP82. 
X36 
Fig. 301. Ventral view of nutlet showing prominent 
ventral keel and funnel-shaped scar of 
attachment. Stub BP83. X36 
Fig. 302. Basal view of nutlet showing funnel-
shaped scar with thick rim (s), ventral 
keel (k), and lateral ridge (r). Stub 
BPS3. a36 
Fig. 303. Detail of nutlet surface of specimen in 
Fig. 300, showing aculeate texture. Stub 
BPS2. X200. 
Fig. 304. Higher resolution of nutlet surface of 
specimen in Fig. 300 showing aculea. 
Stub BPS2. XIOOO 
Fig. 305. Detail of neck of funnel-shaped scar of 
attachment, showing distinct rows of 
aculea. Stub BPS2. X300 
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Figs. 306-310. Prollthosperroum johnstonli. SEM. 
Fig. 306. Lateral view of nutlet, showing distinct 
gibbous ventral keel (arrow) near scar of 
attachment. Stub BP85. X32 
Fig. 307. Ventral view of nutlet showing thickening of 
ventral keel near funnel-shaped scar of attach­
ment. Stub BP84. X20 
Fig. 308. Basal view of nutlet showing funnel-shaped 
scar of attachment. Note gibbous projection 
of ventral keel (arrow). Stub BP84. X20 
Fig. 309. Surface of nutlet of specimen in Fig. 307. 
Stub BP84. X200. 
Fig. 310. Higher resolution of nutlet surface showing 
epidermal cells. Stub BP84. X780 

Figs. 311-313. Prolithospermian grossii, isotype, SEN. 
Fig. 311. Lateral view of nutlet showing 
lateral keel (k), gibbous ventral 
alar projection (r), and funnel-
shaped scar of attachment. Stub 
BP178. X30 
Fig. 312, Detail of surface of specimen in 
Fig. 311. Stub BP178. X440 
Fig. 313. Higher resolution of nutlet surface 
of specimen in Fig. 311. Stub 
Bol78. X780 
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Figs. 314-319. Biorbia fossilia, SEM. 
Fig. 314. Lateral view of reticulate nutlet. 
Stub BP98. X44 
Fig. 315. Lateral view of smooth nutlet. 
Stub BP89. X32. 
Fig. 316. Lateral view of nutlet in which 
part of the cuticle is absent and 
epidermal cells have collapsed show­
ing a "pseudoepidersal" pattern. 
Stub BP97. X36 
Fig. 317. Detail of surface of nutlet shown in 
Fig. 314. Note complete and collapsed 
(arrow) epidermal cells. Stub BP98. 
X220 
Fig. 318. Higher resolution of surface of speci­
men in Fig. 314. Stub BP98. X7S0 
Fig. 319. Characteristic scar of attachment in 
Biorbia fossilia. Stub BP98. X120 
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Figs. 320-323. Prolappula verrucosa, sp. nov., isotype, SEM. 
Fig. 320. Fragment of nutlet surface showing 
barbed hairs (bh), prickles (p), and 
abundant smaller tubercles with secondary 
protuberance (t). Stub BP18. X.78 
Fig. 321. Detail of simple barbed hair. Stub BP18. 
X200. 
Fig. 322. Detail of compound barbed hair. Stub 
BP18. X440 
Fig. 323. Higher resolution of nutlet surface 
of Fig. 320 showing prickles (p) and 
small tubercles with small secondary 
protuberances (t). Stub BP18. X780 
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Figs. 324-327. Lappula texana, SEM. 
Fig. 324. Detail of barbed hairs. 
Stub BP19. X200 
Fig. 325. Detail of nutlet surface 
showing prickles (p). 
Stub BP19. X200 
Fig. 326. Higher magnification of nutlet 
surface showing prickle (p) and 
tubercles (t) with secondary pro­
tuberances. Stub BPi9. X7o0 
Fig. 327. Detail of nutlet surface showing 
tubercles with secondary protuberances. 
Stub BP19. X16C0 
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Figs. 326-331. Lappula redowskii, SEM. 
Fig. 328. Detail of simple barbed hair. 
Stub BP20. X320 
Fig. 329. Detail of nutlet surface showing 
prickles (p) with pustules (pu) and 
tubercles (t) with secondary pro­
tuberances (sp). Stub BP20. X780 
Fig. 330. Higher resolution of nutlet surface 
of Fig. 329, sho'-cir.j; iinmeiure prickle 
(p) and tubercles (t) with secondary 
protuberances (sp). Stub BP20. 
X1600. 
Fig. 331. Detail of base of prickia of specimen 
in Fig. 329, shovii-g pustules (pu). 
Stub BP20. X6000 
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Fig. 332. General distribution of the Ogallala Formation (after Frye, 
1971) 
